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Shadies on Drast Suppression 


|. Preliminary Study of Factors Affecting the Formation of Aqueous Sprays 


W. GIBB, Ph.D. 

W. GLEN, Ph.D. 

G. HIBBERD, Ph.D. 

and 

P. D. RITCHIE, Ph.D., Glasgow, Scotland 
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Introduction 

Air-borne dust in coal mines can in prin 
ciple be minimized either by modifying the 
dust-generating process, so that dust forma 
tion is reduced, or by subsequent removal 
of the air-borne dust by some precipitation 
device. 

When water sprays are employed to sup 
press dust, the spray is normally formed 
either by forcing water at high pressure 
through a fine orifice or by atomizing the 
Recent 
tigations ! have shown that sprays operated 


water with compressed air. inves- 

by compressed air are effective in removing 

air-borne dust after blasting. Their effect 
iveness is due to two factors, thus: 

(1) The water droplets in the spray remove 
the air-borne dust particles from the 
atmosphere by knocking down the par- 
ticles. 


~ 


The large volume of air to atomize 
the water increases the ventilation and 
displaces the dust from the site. 

The use of wetting agents for increasing 
the efficiency of atomization and of knock 
down, thus reducing the amount of water 
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From the Department of Technical Chemistry 
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Hibberd), Royal Technical College 


necessary to suppress dust, has been in- 
vestigated by nearly all interested research 
organizations.” 

Much work has been done in mines on the 
suppression of dust by sprays but very little 
under controlled laboratory conditions. As 
will be deseribed in a subsequent communi 
cation, an built to 
generate a dust cloud of reproducible con 


apparatus has been 
centration and size distribution, and a water 
spray unit to study the suppression of the 
dust. Before actual dust suppression could 
be studied, it was necessary to investigate 
various factors influencing the efficiency of 
atomization in the water jets. The present 
paper reports this preliminary study, 


Atomization of Liquid Jets 


A liquid can be atomized merely by dis- 
charging it into the atmosphere under high 
pressure through a small orifice. Such a 
device, with no special arrangement to in- 
duce turbulence in the orifice, is called a 
plain atomizer. In the so-called swirl atom- 
izer, turbulence is ensured by forcing the 
liquid through tangential slots or along heli- 
cal grooves into a 


small chamber 


from which it is discharged to atmosphere. 


vortex 


The mechanism of atomization of liquid 
jets has been widely studied in an attempt 
to derive a relationship between spray per 
formance and the variables of an injection 
system. The performance depends upon (1) 
the volume throughput of the spray nozzle, 
(2) the cone angle of the spray, (3) the 
average droplet size, and (4) the droplet- 
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size distribution. Liquid-jet disintegration 
at low velocity is fairly well understood, but 
the process of sudden atomization at high 
discharge velocities, such as exist in an act- 
ual injection system, has not yet been clearly 
explained or quantitatively analyzed. 

The disintegration of a liquid jet dis- 
charged from the orifice of an atomizer at 
a given velocity is known to be dependent 
on three factors: (1) the disturbances set 
up in the liquid flowing through the atom- 
izer; (2) the properties of the medium into 
which the jet is discharged, and (3) the 
physical properties of the liquid. Each con- 
tributes to the process, but the difficulty of 
separating the factors has so far prevented 
an assessment of the exact contribution of 
each to the disintegration of the liquid jet. 

Rayleigh * offered one of the first theories 
of liquid-jet disintegration, based upon a 
mathematical analysis of the stability of a 
nonviscous jet, and his conclusions were 
utilized in the later theories of Castleman, 
Haenlein,® and Weber.® Some authors have 
stressed the fact that turbulent flow in the 
atomizer aids the process of atomization; 
thus, Mehlig’? and Schweitzer * indicated 
that this turbulence produced a radial com- 
ponent of liquid velocity which enabled the 
disintegrating jet to overcome the forces of 
surface tension. Thiemann ™ believed that 
disintegration was influenced by the relative 
velocity between the outside of the liquid 
jet and the air itself, and Oschatz " claimed 
that the final atomization of the jet was 
mainly dependent on the resistance of the 
surrounding atmosphere, Spray formation 
has been studied photographically,t and 
*References 8 and 9, 


+References 5 and 12-14 
TABLE 1 


Orifice 
Diameter 
In, ; 


0.0194" 0.82 


0.0142 0.56 


| 
| 
| 
| 


0.0160 
0.0200 


Flow No, 
(Pn) 
0.119 
0.123 
0.157 


0.260 


three or even four stages of jet disintegra- 
tion have been observed and attempts made 
to relate them to certain values of Reynolds 
number.’® The viscosity and surface ten- 
sion of the liquid are probably the factors 
which most strongly influence its atomiza- 
tion. High viscosity resists the distortion 
and break-up of droplets initially formed; 
similarly, surface tension opposes the sur- 
face stretching involved in the distortion of 
a droplet. It would thus be expected that 
an increase in viscosity and/or surface ten- 
sion would reduce the efficiency of atomiza- 
tion. The liquids studied in the present 
work were water and dilute aqueous solu- 
tions, so that the effects of viscosity can be 
neglected; it is primarily of importance to 
determine the effect of surface tension on 
the operation of the spraying unit and to 
what extent efficiency of atomization can be 
increased by reducing surface tension. 

1. Liquid-Pressure Spray Unit.—The 
used for the liquid-pressure spray unit (Fig. la) 
were 


nozzles 


swirl 
They 
consist of two parts, one screwing into the other; 


similar to those used in domestic 


atomizers for spraying insecticides, etc 
water is forced through the annular space between 
them, along a helical groove cut in the inner part, 
and out through the orifice drilled in the outer 
part. To determine the nozzle di- 
ameter, orifices of different size have been drilled 
in four three of (Nozzles 2, 
3, and 4) the same helical groove has been used; 
Table 1. 

The pressure is generated by a hand-operated 
plunger-type pump fitted directly to a pressure 
vessel. The output passes via rubber pressure 
tubing to the spray nozzle and is controlled by 
a screw clip, a pressure gauge being connected by 
a T-piece. The pressure is maintained by occa- 
sional manipulation of the plunger, atomization 
being most reproducible within the pressure range 
30-80 Ib/in.? (The pressure vessel has not been 
designed to exceed 80 Ib/in.*). 


influence of 
nozzles. In these 


the data for these nozzles are given in 


Characteristics of Liquid-Pressure Spray Nozzles 


Coefficient of 
Discharge Cone Angle, 
(e) Deg. 


0.443 


Reynolds No 
Applied Pressure, 
| Range 10-80 Lb./In.* 


2050 -5220 
0.410 1820-4630 
0.400 1920-5420 


0.436 2170-6670 


i 
F 
4 
‘ 
af 
| 
Nozzle | 
No, | | 
| 
3 0M | | 
‘ 0.30 
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/ 


Screw 


WaTER Pressure SORay NOZZLE 


NOZZE 


SCREW CuI? 


Pressuce 
8 Gauce 


Fig. 1(@). 


POP 


UNIT 


Fig. 1- 
(hb) compressed-air-operated spray nozzle (de 


2. Compressed-Air Spray  Unit.—This 
nozzle is constructed from a stainless-steel hypo 


spray 


dermic needle and glass sheath and is designed 
The 


from a blower of variable output, 


to operate at fairly low pressures (Fig. 1b) 
air, supplied 
is metered through a calibrated orifice and passes 
along the glass sheath to atomize the liquid emerg 
ing from the needle. The water is supplied from 


a graduated cylinder, contained in a_ pressure 


vessel maintained at 7 lb/in.* by compressed air 
and fitted with a pressure-relief valve and pressure 
gauge The flow of 


ulated by 


water to the nozzle is reg 
a calibrated needle valve 


Variables of Liquid-Pressure Spray 


1. Effect of Applied Pressure on Liquid 
Throughput.—It is believed ® that flow in an 
atomizer orifice is similar to that in a pipe 
and is dependent on the Reynolds number. 
Optimum atomization is obtained in the re- 
gion of turbulent flow. If the viscous losses 
are negligible, a swirl atomizer will behave 
like a plain atomizer, the flow varying as 
the square root of the applied pressure. 

The throughput (cc/min.) for each 


liquid-pressure nozzle was measured by 


(a) Water-pressure spray nozzle 


J 


COMPRESSED OPED ATED 
SOQ ay NOZS 


2. 


$ Ray UNIT 


(IN 


Fig 
A once F 
B Manomerea G MéEasuaina 
C BLOWER NEGOLE 
D Poessuce Gauae J 
EscaPe Vauve 


(detail) and diagram of complete spray unit; 
tail) and diagram of complete spray unit 


spraying downward into a graduated cyl- 
inder over a range of pressures P (\b/in.*), 
using (1) water and (2) a 0.5% aqueous 
solution of a surface-active agent (Lissapol 
NDB). A plot of the results (Table 2) 
gave a satisfactory linear relationship be- 
tween I’ and P* 


when V 


The gradient of this line, 
is measured in gallons per hour, 
has been designated * by the symbol K; it 
called" the 


flow 


has also been flow number 


(Fy). The 


tested are given in Table 1. It will be ob- 


numbers of the nozzles 
served (Table 2) that the throughput 1s not 
significantly affected by the presence of a 
surface-active agent (which here reduces 
the surface tension by 44 dynes/cm.). 
These results indicate that the following 
normal flow formula holds 
q=zAc(2g P/p)* 
q=throughput (ft*/sec.); A 


cross sectional 


area of orifice (it.*); c=discharge coetlicient; 
g=gravity constant (ft./sec.*); P=applied pres- 
sure (ib/ft.*); p=density of liquid (tb/ft") 


t Supplied by Imperial Chemical Industries, Ltd. 
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HELICAL GROOVE 
|i 4 
J 
NEEOLE VALVE A 
| 
4 
: 
4 
| 


Pressure, 


Lb./In.* 


P Prue Water B/A Water 
Alone Agent Alone 


34 


If g is measured in (imperial) gal/hr., 
A in in.*, and P in lb/in.*, and if g is 32.2 
ft/sec.* and p 62.4 Ib/ft.*, the formula re- 
duces to 

AcP% 
Hence Ac 

Table 1 includes the coefficient of dis- 
charge (c) of the various nozzles, calcu- 
lated from the above formula. 

It has frequently been shown § that the 
coefficient of discharge of an atomizer ori- 
fice depends on the Reynolds number (Re) 
applicable to the flow in the orifice and on 
the ratio of the length of the nozzle to its 
diameter (//d). At low velocities ¢ is a 
complicated function of Re, but it becomes 
virtually constant in the turbulent region, 
and it may therefore be inferred from Table 
2 that turbulence occurred in the nozzles 
tested over the pressure range 10-80 Ib/in.? 
The calculated values of Re corresponding 
to this pressure range are included in Table 
1. At low pressures the flow just approaches 
the region of turbulence (Re=ca, 2000), 
but the helical groove probably maintains 
turbulence even at these velocities. The low 
observed coefficients of discharge are sim- 
ilar to those normally associated with swirl 


§References 18 to 21 
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Tasie 2,—Variation of Throughput with Pressure 
In Presence and Absence of Surface-Active (S/A) Agent 


Throughput, Ce./Min. 


Nozzle | Nozzle 2 Nozzle 3 Nozzle 4 


Water 8/A Water B/A 
Agent | Alone Agent Alone Agent 


atomizers, where a proportion of the energy 
is dissipated in the tangential velocity im- 
parted by the helical groove. At low values 
of 1/d the atomizer passage approaches the 
configuration of a simple sharp-edged ori- 
fice, and the jet initially contracted has no 
time to reexpand and fill the passage com- 
pletely before it leaves the atomizer. This 
is another factor which reduces the dis- 
charge coefficient. It has normally been 
found, therefore, that c at first rises as //d 
increases; then, as the increased passage 
length raises the friction losses, c is slowly 
reduced in value again. It appears from 
Table 1 that the discharge coefficient for 
these nozzles is independent of //d. This 
agrees with the conclusion of Gelalles ' 
that, if 1//d<3, the coefficient of discharge 
of a swirl atomizer is independent of this 
ratio. Thus, for the nozzles chosen in this 
work, a common coefficient of discharge 
can be calculated which is independent of 
orifice diameter and applied pressure. 

It can be seen from Table 1 that the 
spray cone angle increases with orifice di 
ameter, as is normal for swirl atomizers.”° 

2. Effect of Applied Pressure on Droplet 
Size—The four nozzles used with the 
liquid-pressure spray were investigated to 


" 10 3.16 = aa ai 30 37 37 | 52 54 
1b 4.87 41 6 | 45 12.5 | 64 6s 
20 4.47 45 | “4 43 49 77 82 
30 548 53 a 52 53 64 62 93 102 
40 6.33 | 59 63 76 | 116 118 
45 67 | 63 67 63 66 80 79 124 128 
7 50 7.07 6 o | 66 68 84 92 129 133 
| 
742 72 73.5 | 69 85 97 136 137 
60 15 | 72 142 148 
| | | 
70 6.37 | 80 | 15 7% 96 98 152 152 
a 15 8.66 | 82 78 79 101 106 160 100 
80 8.95 84 79 81 104 108 160 161 
“2 
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discover the range of droplet size obtainable 
by altering the applied pressure. The size 
distribution characteristics of each spray 
were reproducible, provided that sufficient 
droplets were counted. The technique was 
an improvement on the earlier work of 
Cumming, Massie, and Ritchie.?? 

The sprays were produced and sampled 
by clamping the nozzle above a large metal 
tray in such a way that the spray was ejected 
vertically upward, falling back into the tray. 
Droplet samples were collected in a film of 
Silicone oil | on a microscope slide, which 
was passed through the body of the spray 
with a smooth horizontal action and with 
the Silicone oil film facing the rising drop 
lets. Each sample was withdrawn from the 
spray 18 in. from the nozzle, since atomiza 
tion is normally found to increase with dis 
tance from the orifice. To construct a 
single size-distribution curve, it was neces 
sary to measure 400 droplets under the 
microscope with the help of a calibrated 
graticule. Since evaporation and aggrega 
ion of droplets were taking place all the time, 
only 50 droplets on each slide were meas 


ured, eight slides being used in constructing 


Supplied by Messrs 


Ltd., 


Hopkins and Williams, 
London 


DQOMLETS 


NON OF 


each curve. The effects of evaporation and 
aggregation were more pronounced when a 
surface-active agent was present in the 
sprayed water. Table 3 shows the average 
life of droplets (diameter, 1004) on the 
slide for a hydraulic fluid and for the Sili- 
cone oil. The Silicone oil is clearly a much 
better medium for collecting the droplets 
than the hydraulic fluid, allowing sufficient 
time to measure 50 droplets before aggrega- 
tion, evaporation, and spreading prevent 
true results from being obtained. ( Various 
had the effect as the 
hydraulic fluid on the droplets. ) 


mineral oils same 


The droplet-size-distribution curves for 


Nozzle 1 at various pressures, with and 


Taste 3.—Effect of Different Collecting Media 


om Droplet Life 
Droplet Diameter, 
Collecting Medium 


Droplet 


Medium Silleone Fluid Hydraulic 


MS 550 Fluid 
Water 24 min 12 min 
Water + 6 3 
Lissapol ND 18 min 2 min, 
Water + 05% 
Alcopol 0 4 min. Immediate aggre 
gation and 
spreading 


(4 
Fig. 2 


Curve 


(\b/in.*) 78 


(a) Effect of pressure (P) on atomization of pure water (Nozzle 1); 
of pressure (P) on atomization of 0.5% solution of Lissapol NDB (Nozzle 1) 


80 120 
DROLET 


(b) Effect 


3 ‘ 
62 46.5 32 


‘ce 
° 
T 
| 
20 
| As 
| | 
| 
“4 
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| | 
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without surface-active agent (Fig. 2a and 
b), show an increase in atomization as the 
applied pressure is raised from 32 to 78 
lb/in.*., Similar size-distribution curves for 
Nozzles 2, 3, and 4 for water alone at 62 
and 78 \b/in.* lie close together, indicating 
no great improvement in atomization on in- 
creasing the pressure above 62 lb/in.?, maxi- 
mum atomization occurring at ca. 78 |b/in.?. 
With the equipment used, any increase in 
pressure would not be expected to produce 
much change in atomization. 

These results are in general agreement 
with previous work.{ The degree of atomi- 
zation increases with rise in pressure, 
quickly at first and then more slowly at 
higher pressures. This improved atomiza- 
tion is brought about by an increase in the 
number of small droplets rather than by a 
decrease in the size of the smallest droplets. 

When a liquid spray is used to knock 
down dust particles, the chief factors af 
fecting the probability of impact of a drop- 
let with a dust particle are (1) cross sec- 
tional area of the droplet and (2) number 
of water droplets. Accordingly, from the 


{ References 17 and 23-27, 
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point of view of dust sedimentation, it is 
useful to introduce some “mean droplet 
size”——a function of the number (N) and 
diameter (D) of the droplets—to represent 
the effectiveness of the spray. In the 
present work the arithmetic mean diameter 
(X(ND)/ZN) is used in this way; its 
values, corresponding to the size-distribu- 
tion curves in Figure 2, are given in Table 
4. The introduction of a mean droplet size 
is equivalent to the replacement of the actual 
spray, composed of droplets of different 
sizes with a positive skew distribution, by a 
fictitious spray in which all the droplets are 
of the same size, equal to the mean droplet 
size. This spray may, however, still pos- 
sess certain features of the actual spray 
that are important from the point of view 
of dust suppression. 

3. Effect of Orifice Diameter on Droplet 
Size.Farlier work on plain swirl 
atomizers has indicated that an increase in 
orifice size decreases the degree of atom- 
ization.#¢ With a plain atomizer, the con- 
tact surface between the jet and air (i. e€ 


orifice circumference liquid velocity) in- 


# References 18, 24, 25, 27, and 28. 


Water 0.5% Solution Lissapol NDB 
Nozzle Pressure, | Ep 
No. Lb./In,* Ft.-Lb./Lb 
Average A verage 
Droplet 100 E,/Ep Droplet E. 100 
Size 


80.8 
68.5 
58.2 


Size, 


66.5 


- 
wg 
1 
= = 
| 
i 32.0 74 1.62 2.19 P| 0.87 1.18 
46.5 107 2.13 1.99 52.0 1.12 1.05 
62.0 143 2.50 1.75 49.3 1.18 9.83 
78.0 180 47.8 3.05 1.00 44.1 1.32 0.74 
3 2 21.0 49 80.0 1.82 3.72 55.7 1.04 2.15 
6.5 | 107 52.5 2.77 2.59 448 1.29 1.21 
62.0 43 444 3.28 2.20 38.0 1.53 1.07 
4 78.0 180 43.3 3.36 1.87 87.7 1.54 0.86 
3 $2.0 74 53.4 2.71 3.06 ‘is 1.12 1.52 
62.0 143 49.0 2.97 2.08 43.5 1.33 0.93 
; 78.0 180 45.0 3.24 1.80 41.0 1.42 0.79 
4 | 32.0 74 58.6 24 3.37 450 1.20 1.75 
62.0 143 52.5 2.77 104 43.5 1.34 0.93 
78.0 180 42.7 3.41 1.80 40.8 1.42 0.79 
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creases more slowly with increase in orifice 
diameter than the volume of liquid dis- 
charged (i. €., orifice cross section liquid 
velocity), and atomization is reduced. With 
swirl atomizers, however, the picture is 
rather more complex. A change in orifice 
diameter will affect the ratio //d, which, in 
turn, will affect the cone angle of the spray 
(Table 2). 


is very dependent on cone angle; not only 


Atomization in a swirl atomizer 


does a wide-angle spray give greater sur 
face contact between liquid and air, but the 
change in the cone itself is the result of 
increased tangential and radial velocities 
which assist disintegration of the droplets. 
Hence, any variation in atomization brought 
about by change in orifice size is the resul 
tant of two related variables: (1) the ratio 
of the cross section of the orifice to its cir 
cumference and (2) the ratio //d. Depend 
ing upon their relative values, the atomiza- 
tion may either increase or decrease. 

It can be seen from Table 4 that, for most 
pressures, average droplet size increases as 
orifice diameter increases from 0.0142 in. 


to 0.020 in. Nozzle 1 appears anomalous, 


since it has always produced a large droplet 
size. 


This is probably because the heli- 


cM 


OYNES 


TENSION 


SURFACE 


cal groove in Nozzle 1 was set at a less 
acute angle than the other three, so that the 
turbulence and degree of atomization were 
correspondingly less. 

4. Effect of Presence of Surface-Active 
Agents.—The surface tension of an aqueous 
solution of a wetting agent or detergent de- 
creases with increasing concentration of 
wetting agent to a minimum value dependent 
upon the surface-active agent used (Fig. 3a 
and b). Theory and practice both show that 
wetting power is not a function solely of the 
surface tension but that the nature and state 
of the 


portant, 


surface to be wetted are also im- 


Surface-active agents can be divided into 
The 


latter has nonionizable end-groups with a 


two broad classes—ionic and nonionic. 
high affinity for water and usually contains 
The 
ionogenic class of agents can itself be sub- 
divided; when the hydrophobic portion of 
the molecule is included in the anion while 


oxygen, nitrogen, or sulfur atoms. 


in aqueous solution, the substance is termed 


anionic, while for 


surface-active 
agents the cation contains the hydrophobic 
grouping. 

The surface-active 


cationic 


used in the 


agents 
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present atomization and dust-suppression 
studies were selected from a wide range of 
types and included anionic, cationic, and 
nonionic agents, as follows *: 


(1) Sulfated vegetable oil (Calsolene Oil HS) 
(2) Sulfated fatty aleohols (Lissapol C) 
(3) Sulfonated alkylamylsulfonates (Perminal 


BS) 
(4) Long-chain amide sulfonates (Lissapol LS) 
(5) Sulfosuccinic esters (Alcopol O) 


(6) Esters and ethers (Lissapol N, Lubrol W, 
Sterox SK) 


(7) Quaternary ammonium compounds (Fixanol 
C) 

Lissapol NDB (a dilute solution of Lis- 
sapol N, an alkylated ethylene oxide con- 
densate) was used in the initial experiments 
to study the effect of change of surface ten- 
sion on the characteristics of a spray. This 
nonionic agent has been advocated for the 
suppression of dust in mines.2® The surface 
tension of its aqueous solution drops steeply 
with the increasing concentration down to 
about 0.15% Lissapol NDB, corresponding 
to a minimum surface tension of 30 dynes/ 
em. (Fig. 3a). The concentration chosen 
for use in the formation of sprays was 
0.5%, which gives a solution of minimum 
surface tension with excess of Lissapol 
NDB present. 

The size-distribution curves obtained for 
sprays formed from a 0.5% solution of 
Lissapol NDB (Fig. 2h) differ from those 
for water sprays and indicate the improved 
atomization obtained by use of the reagent. 
The greatest improvement is noted at fairly 
low pressures (32 and 46.5 lb/in.*). This 
might be expected, for it is reasonable to 
assume that, as the forces active in disin 
tegrating a liquid jet increase, and as the 
energy available for droplet formation in 
creases in relation to the energy actually 
needed, the effects of surface tension, vis 
cosity, ete., on atomization will be reduced. 

The increased atomization due to the in 
clusion of the surface-active agent in the 
spray solution is shown by the change in the 


* Alcopol O supplied by Allied Colloids (Manu 
facturing) Co. Ltd.; Sterox SK, by Monsanto 
Chemical Co., and all others, by Imperial Chemical 
Industries, Ltd 
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average droplet size produced (Table 4) 
and is again more pronounced at lower pres- 
sures. 

Using the approach suggested by Giffen 
and Muraszew,* one may estimate both the 
energy supplied and the energy needed for 
atomization. The pressure energy supplied 
(Ey ft-lb/lb.) is given by the relationship 

E»=P/p 

P=applied-pressure drop (lb/ft.2); p=liquid 
density 

Thus, where the applied pressure is meas- 
ured in lb/in.? and only water and dilute 
aqueous solutions are being atomized at 
room temperature, the equation reduces to 

ft-lb/lb 

The energy required for atomization is 
the product of the liquid surface tension and 
the increase in surface area per unit weight 
and can be expressed as 

E.=y(A:—A:)/p 

A, and As=surface area of 1 cc. of liquid before 
and after atomization, respectively; y=liquid 
surface tension (dynes/cm. ) 

lor a liquid of unit density a 1 cc. sphere 
has a surface of 4.84 cm.*; if this sphere 
is subdivided into droplets with a diameter 
of 25, the total surface area is now 2400 
em.*. This arbitrary example indicates that 
the foregoing relationship can be simplified 
to the form 

ergs/gm 

re=droplet radius; diameter(p) ; 

This may be compared directly with the 
pressure energy Fy, by converting to suit- 
able units, thus 

ft-lb/lb 

The appropriate values of £, and Ey are 
listed in Table 4. The percentage of the 
pressure energy actually used in atomization 
(i. e., the “energy utilization”) is also in 
cluded for each value of applied pressure. 
It can be seen that, although £/, increases 
with /,, it is much smaller than if it were 
due to energy losses in the nozzle. The 
variation of E, with £, for the two liquids 
tested in Nozzle 1 is plotted in Figure 4a, 
and it is of interest that a drop in surface 
tension from 78.8 dynes/em. to 29 dynes/ 
em, is not followed by a decrease in droplet 
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(a) Variation of energy used in atomization (E,) with pressure energy supplied 
(Ey). Curve 1—Water (Nozzle 1); Curve 2—0.5% solution of Lissapol NDB (Nozzle 1) 


(b) Linear relationship between log E, and log Fy 
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Curves 1 and 2—As in Figure 4a 
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size sufficient to maintain the values of £, 
found for water. In fact, at the higher 
pressures there is such a slight change in 
droplet size that the following relationship 
holds approximately 

BE, JE, 


(The subscript 1 refers to water and 2 to the 
surface-active agent. ) 


It would thus appear that a depression of 
the surface tension of a liquid makes an im- 
provement in atomization possible, though 
much less than that expected, since less of 
the available energy is utilized in the proc 
ess. If, for example, the solution of sur 
face-active agent passing through Nozzle 
I under an applied pressure of 62 \b/in.? 
had the same value of FE, as water at that 
pressure (i. e., 2.5 ft-lb/lb.), the average 
droplet size would have been reduced to 
about 

Surface-tension data quoted in this work 
refer to static surface tension at equilibrium 
adsorption. It is debatable, however, 
whether this is a valid procedure for solu- 
tions of surface agents of this type, where 
the time required for liquid surfaces to 
reach equilibrium may be comparable with 
the time of formation of a droplet. Some 
value of dynamic surface tension, intermedi- 
ate between the values at the instant of the 
formation of new surface and at equilibrium 
adsorption of surface-active agent, may be 
more appropriate. The inability of the sur 
face-active agent to reduce droplet size at 
high applied pressures may be due to the 
fact that the rate of creation of new surface 
may be too great for the static value of 
surface tension to be operative, 

The apparatus available was unsuitable 
for determining the shape of the E, vs. Ey 
plot above 80 Ib/in.*. Nevertheless, it is 
interesting to consider two possible relation- 
ships in the high-pressure region, as fol- 
lows: 

(1) Ey=constant (1. above a certain 
pressure E, becomes independent of £5). 
This would imply that above certain pres- 
sures the droplet size reaches a steady mini- 
mum value. If this were so, the constant 
would enable one to predict an ultimate 
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average droplet size for a solution of known 
surface tension. 

(2) E,=kE, (i. e., the plot becomes 
linear at higher pressures). Joyce ** studied 
the relationship between applied pressure 
(P) and droplet size (D) and obtained a 
relationship of the form 

D=t?P* 
If this also applies in the present work, a 
relationship of similar form would be ex- 
pected, thus 

E.=k’'E,* 
In Figure 4b the plot of log FE, vs. log FE, 
does, in fact, appear to approach linearity 
for Nozzle 1. 

This line of thought is being followed up 
experimentally. 

5. Effect of Concentration of Surface- 
Active Agents.—Solutions of Lissapol NDB 
covering the concentration range 0.02%%-1% 
were atomized. Figure 3a shows that a 
minimum value of equilibrium surface ten- 
sion is reached about 0.2% Lissapol NDB; 
in effect, the solutions selected cover a 
range of surface tension and also provide 
different solution concentrations at virtually 
the same value of static surface tension, A 
value of 46.5 lb/in.2? was selected as the 
atomizing pressure, because surface tension 
had been found to have a greater effect on 
droplet-size distribution at this than at 
higher pressures. The results for Nozzle 
1 (Fig. 5 and Table 5) illustrate the im- 
provement in atomization with decrease in 
surface tension, the greatest atomization 
occurring at the highest concentration tested. 

Figures 2a, 2b, and 5 indicate little change 
in the position of the mode of the distribu- 
tion curves with variation in surface tension 
or applied pressure. The main variation is 
in the height of the mode. It would, there- 
fore, appear that spray uniformity increases 
with increasing applied pressure and with 
decreasing surface tension. 

6. Effect of Constitution of Surface-Ac 
tive Agents.—-Aqueous solutions of a num- 
ber of other surface-active agents selected 
from the types already mentioned were 
atomized at different pressures. Size-dis- 
tribution curves were constructed, and the 
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Fig. 5.—Effect of concentration of Lissapol 
NDB on atomization. 

Curve 2 3 4 5 

Concentration 1% 05% 02% 0.02% Nil 


average droplet size calculated for each. The 


agents were all tested at a concentration 
(0.5%) at which they all have practically 


the 29-33 


dynes/em. The droplet 


same static surface tension, 


(Fig. 3a and Bb). 


sizes calculated are presented in Table 6. 


5 


Concentration of Lissapol NDB, per cent 
Static surface tension, dynes/em.... 
Average droplet size, 


effective at the 
moment of rupture. Under these conditions 
the surface-active agent which is the most 


namic surface tensions 


quickly adsorbed at a new water-air inter- 
face, and which thus gives the lowest sur- 
face tension in the shortest possible time, 
should produce the best atomization. 
Since the degree of atomization caused by 
all those surface-active agents is practically 
the same, it should be possible to compare 
the ability of their sprayed solutions to wet 
air-borne dusts by carrying out tests at 
similar values of applied pressure and of 
surface tension. This type of test will be 
described in a future communication. 


Compressed-Air Spray 


The results for the compressed-air-op- 
erated spray are not reported here in detail, 
since no spraying tests were carried out to 
estimate its efficiency in suppressing dust. 
The chamber used to hold the dust cloud 
was not immediately suited to this type of 


Effect of Concentration of Surface-Active Agent on Average Droplet Size 
Nozzle 1:P 


46.5 Lb./In*; E,=107 Ft.-Lb./Lb 


TasBLe 6.—Effect of Different Surface-Active Agents on Atomization over the 


Surface-Active Agent 
None (water only)... 
Lissapol NDB_....... 
Fixanol C_. 

Alcopol O 
Sterox SK 
Calsolene Oil HS. 
Lissapol C........ 


surface-active 


different 


The 


studied appear to be almost equally effective, 


agents 


indicating that their constitution has little 
effect on the atomization process. Surface 
tension is the dominating factor; any differ- 
ence in droplet size between two solutions 
atomized at the same pressure is probably 
caused by the difference between the dy 


Pressure Range P=32 


72 Lb/In! 


Average Droplet Size, » 


46.5 


58 48 
67 52 oi 44 
79 5s 
54 
6 
67 
6A “4 


spray. This was partly due to its twofold 
suppressing action, viz., (1) the dust part- 
icles were knocked down by the spray drop- 
lets and (2) the air used in the atomization 
also entered the chamber and diluted the 
dust cloud, giving an impression of highly 
efficient dust suppression. 

The spray droplets formed by the com- 


225 


> las 
\\ Om T 
\ 
3 
| NN 
} 
1.0 0.5 0.2 0.02 Nil bi 
29 30 50 73 
61.3 52.0 6.0 70.5 64.5 
. 1.13 1.12 0.93 1.42 2.27 
P, Lb./In,* 32.0 62.0 78.0 


pressed-air spray were sampled in the same 
way as for the hydraulic spray, 50 droplets 
being measured on each of eight slides 
coated with Silicone oil. 

Four sets of results are plotted in Figure 
6a. In three runs the water-throughput was 
held at a steady value, as indicated, and the 
air-throughput varied. The average droplet 
sizes were plotted against the water as: air 
(volume) ratio leaving the spray nozzle 
(Curves 1, 2, and 3 in Fig. 6a). In the 
fourth run the air-throughput was held con- 
stant and the water-throughput varied 
(Curve 4). It is clearly possible to obtain 
two families of curves, one for constant 
water-throughput, the other for constant air- 
throughput, the two families intersecting at 
similar values of water as: air ratio. Such a 
chart for a particular nozzle would enable 
different conditions of air- and water- 
throughput to be selected to produce a spray 
with a known average droplet size. Atomiza- 
tion by the compressed-air spray can be 
much greater than that obtained by the 
water-pressure spray, but a very high ratio 
of air to water has to be used, 


The size-distribution curves in Figure 
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6b (water-throughput=9.5 cc/min.; air- 
throughput selected to give the air as: water 
ratios indicated) show the range of droplet 
sizes obtained. It can be seen that, as more 
energy is applied to the nozzle (in this case, 
as the quantity of air is increased), the 
droplet size decreases and the spray becomes 
more uniform, just as observed for the 
hydraulic spray. No droplets smaller than 
4 could be detected, owing to the high 
rate of evaporation of such small droplets. 


Summary and Conclusions 


As a preliminary to studying the suppres- 
sion of air-borne dusts with water sprays, 
various factors affecting the atomization of 
water jets have been considered. Hydraulic 
or water-pressure sprays are more conven- 
ient than pneumatic or compressed-air-op- 
erated sprays for dust studies, although the 
latter can give a finer degree of atomization. 

Swirl atomizers, operating under condi- 
tions of constant discharge coefficient, are 
used in these tests, and the effects of applied 
pressure and static surface tension on aver- 
age droplet size and droplet-size distribution 
studied. Increase in applied pressure and 
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Fig. 6.—(a@) Calibration of compressed-air-operated spray. 
Curve 1—Water-throughput 36.6 cc/min. 
Curve 2—Water-throughput 9.5 cc/min. 
Curve 3—Water-throughput 3.0 cc/min. 
Curve 4—Air-throughput 43.2 1/min. 
(b) Effect of air-to-water ratio on droplet-size distribution. 
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decrease in surface tension on addition of 
a surface-active agent to the water to be 
atomized both cause a reduction in droplet 
size. It is shown that the two independent 
variables can be linked through a compari- 
son of the energy actually used in the 
atomization with the energy supplied. Re- 
duced surface tension is less effective in 
reducing droplet size at higher pressures ; 
this is possibly because the new surfaces 
are formed too quickly for adsorption to 
the surface-active agent to be complete, so 
that a higher dynamic surface tension is 
effective. Various types of surface-active 
agent are found to be equally effective in 
improving atomization, if used at concentra- 
tions of equal surface tension. 

It is shown that for the compressed-air- 
operated spray a chart connecting water: air 
(volume) ratio with droplet size can be pre- 
pared for the calibration of such a nozzle. 

For both types of nozzle an increase in 
the ratio of energy supplied to energy util- 
atomization decrease in 


ized in causes a 


average droplet size and restricts the size 


distribution by making the droplets more 


uniform. 


The National Board (Scottish 
supported this research program by the award of a 


Coal Division ) 
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A Review 


DONALD F. ADAMS, M.S., Pullman, Wash. 


Plants can be used as indicators of type 
and intensity of pollution if the specific 
effects of 
upon plants are known. This, in turn, can 


visible atmospheric pollutants 
be a valuable tool for investigators con 
cerned with effects of such pollutants on 
human health. Generally speaking, plant in 
jury will develop in the most sensitive of 
species at pollutant levels below which hu- 
man response will be readily observed. For 
example, under favorable conditions expo- 
sure of sulfur-dioxide-sensitive plants to 
0.5 parts per million (ppm) for a period 
of two to four hours will result in typical, 
visible foliar response,* whereas the maxi 
(MAC) 


humans is generally accepted as 3 to 10 ppm 


mum allowable concentration for 
for an eight-hour exposure.2 Hydro 


gen fluoride will burn certain sensitive 
varieties of gladiolus when exposed to less 
than | part per billion (ppb) for 48 hours 
or more,t whereas the MAC for humans is 
reported to be 1.5 to 3 ppm HF for an 
eight-hour exposure. Hydrogen sulfide 
and hydrogen cyanide are exceptions to this 
generalization. Thus, a comprehensive sur 
vey of typical foliar symptoms, substanti 


ated by chemical analysis of collected leaf 
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Compton, O. C., and Remmert, 


Investigations of Injury and the Fluorine 


Oregon, report submitted to the Oregon Agricul 


tural Experiment Station, Feb. 15, 1949 


tissue, may be of real assistance in estab 
lishing past pollutant exposures in any epi 
demiological investigation. 

With and 
growth of population in recent years, the 


increased — industrialization 
problems of air pollution have received 
increased attention. The primary agents 
known to cause plant damage of economic 
importance include sulfur dioxide, fluoride- 
containing gases, and smog-type gases typi 
cal of those found in the Los Angeles basin 
Other gases which may be of significance in 
areas immediately adjacent to the source 
include ammonia, chlorine, hydrogen sulfide, 
oxides of nitrogen, and illuminating gas. 


Sulfur Dioxide 


extensive studies of all aspects of sulfur 
dioxide damage to vegetation have been 
conducted between the time of the Selby 
Smelter Commission Report in 1915 and 
publication of the monograph by the Na 
tional Research Council of Canada in 
1939,*° by Thomas and associates between 
1925 and 1950 and by Zimmerman and 
1934 to 1940.8 


workers have adequately deseribed the in 


co-workers from These 


fluence of environmental factors on the 
susceptibility of vegetation to sulfur dioxide 
as well as the biochemical and physiological 
result of 
research more knowledge is 


this 


responses to this toxicant As a 
the years of 


available about the mode of action of 


contaminant than any other eco 


as of 
nomic significance 
Visible Symptoms leaf 


markings have been classified into two types 


Sulfur dioxide 


of injury: (a) acute and (b) chlorotic or 
chronic. The acute markings are produced 


by a short-term exposure to sufficient gas to 


| References 6 to 17 
& References 18 to 24 


: 


kill the tissue. The initial appearance is a 
collapsed, dull, water-soaked area, usually 
gray-green in color, This area later dries 
and bleaches to a light tan or ivory color 
in most species but in some becomes brown 
or brownish-red. The areas of collapse may 
be marginal or intercostal. Chlorotic injury 
may be caused by either (a) a sudden ab- 
sorption of an amount of gas not quite suffi- 
cient to produce acute injury or (b) a 
prolonged absorption of gas at a sublethal 
concentration, The injury expresses itself 
as a bleaching of the leaf until the inter- 
veinal portions are nearly white. Generally 
no tissue collapse is noted. Many photo- 
graphs and descriptions of the leaf injury 
caused by sulfur dioxide were presented 
by Katz and associates.” 

Environmental Variables.—Zimmerman 
summarized the influence of environmental 
variables upon susceptibility of plants to 
SO». He found for SOs exposures that (a) 
plants exposed below 40 F were more re- 
(b) 


slightly wilted plants showed increased re- 


sistant than at higher temperatures, 


sistance, (c) variations in sulfate levels in 
the soil did not influence reaction to the 
gas; however, increased growth was noted 
in sulfur-deficient soils when fumigated be- 
low levels producing injury, (d)_ plants 
tended to treatments if 
enough time elapsed, (¢) susceptibility was 
the 
creased up to full sunlight, and (/) wetting 
of the leaf surface did not change suscepti- 
bility. 

Maximal toxicity of the gas was found 


recover between 


increased as light intensity was in- 


under environmental conditions conducive 
to high physiological activity. Conditions of 
darkness and dormancy produced a minimal 
toxicity. 

More re- 
Hitchcock 
compared the relative sensitivity of approxi- 


mately 40 species of plants to SO. and HF 


Comparative Susceptibility 


cently Zimmerman and 


under similar conditions to determine the 
relative susceptibility of the species to the 
two gases. They employed concentrations 
of 50 ppb HF and 500 ppb SOg. It was 


2580 
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found that those plant species most resistant 
to SOzg were most susceptible to HF. These 
investigators also made a study of the num- 
ber and location of stomata in the upper 
and the lower epidermis of leaves. No 
apparent relationship existed between the 
number of stomata found and the suscepti- 
bility of the species to HF or SOx. 

Toxic Levels —The evidence presented 
indicated that sulfur dioxide is not a sys- 
temic poison, although it was readily ab- 
sorbed by the plant tissue. The toxic 
dosage for fresh mesophyll cells was found 
to be about 540 ppm (dry weight basis) of 
sulfur dioxide if this quantity of gas was 
absorbed almost instantaneously.? Reduc- 
tion in yield because of leaf destruction was 
equivalent to the portion of the leaf area 
destroyed and could be duplicated by clip- 
ping an equivalent leaf area from similar 
unfumigated plants. In concentrations be- 
low approximately 0.3 ppm, sulfur dioxide 
was oxidized to sulfate by the plant at 
about the same rate that it was absorbed.? 
Protracted fumigations at these concentra- 
tions had no effect on the growth or yield 
of plants if the sulfate supply to the roots 
was adequate. However, in the case of 
sulfur-deficient soil, such fumigations in- 
creased the yield. || 

Evidence developed by Swain and John- 
son,*® Thomas and associates,{ Katz and 
associates,?"> and Setterstrom and associ- 
ates '® disproved the Stoklasa theory 2? of 
“invisible injury” from sulfur dioxide. 

Sulfur Metabolism. — Radiosulfur was 
employed by Thomas and associates ' who 
found that S*Ox, entering the plant through 
the leaves at a rate which would not produce 
permanent leaf lesions, was metabolized in 
a manner hardly distinguishable from that 
of NagS*O,, taken in through the roots 
system. The S* was converted into organic 
forms and was found to be combined prin- 
cipally as cystine and methionine which 
were rapidly incorporated into the proteins. 
Studies by Katz and Pasternack 25 showed 


|| References 16 and 19 
{| References 7, 10, 15, and 16 


| 


that there was no deleterious effect on the 
proteins; however, they measured a signifi- 
cant decrease in acid hydrolyzable poly- 
saccharides in leaves showing sulfur dioxide 
injury. 

Biochemical Changes.—Roben and Dor- 
ries # reported that sulfur dioxide was 
responsible for the conversion of chloro- 
phyll to pheophytin in the acutely injured 
leaf area. Such a reaction did not occur 
with chlorotic sulfur dioxide injury or with 
the development of a number of lesions 
similar in appearance to acute sulfur dioxide 
markings caused by disease or weather. 

Recently Katz and Shore® presented 
chemical data comparing the chlorophyll to 
pheophytin conversion in conifer leaves ex- 
hibiting degrees of acute and 
chronic sulfur dioxide markings with sim- 
They found 
chlorotic tissue to be deficient in chlorophyll, 


varying 
ilar ratios in normal leaves. 


but the extent of pheophytin conversion 
was not as high as in acute injury. Further- 
more, chlorotic leaves might recover their 
normal functions if plasmolysis had not 
taken place. Repeated or prolonged expo 
sure to sulfur dioxide below the threshold 
injury level showed no appreciable effect 
on the chlorophyll content of the leaves. 
These data further refutation of 
Stoklasa’s theory of “invisible injury.” 


furnish 


Bleasdale ** measured the growth of a 
strain of rye grass (Lolium perenne L) in 
two greenhouses, one house receiving fil 
tered air and the other air from the Man 
daily mean 
0.01 
and 0.06 ppm. No visible foliar injury was 


chester, England, area. The 


sulfur dioxide level varied between 
produced at these pollutant levels, but this 
investigator measured a significant reduc 
tion in growth. It is possible, however, that 
the reduction in growth might be attributed 
to other unidentified air pollutants. 

No attempt has been made to present a 
complete review of the sulfur dioxide litera 
ture prior to 1951. For more complete and 
comprehensive reviews of the literature be 
1951, the referred to the 


fore reader is 


# References 28 and 29. 
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comprehensive discussions by Thomas,” 


Katz,! and Zimmerman.” 


Hydrogen Fluoride 


Within the past 10 years increased atten 
tion has been given to the influence of hy- 
drogen fluoride on plant life. Haselhoff * 
and Romell® have reviewed the literature 
of the early German investigators who de 
scribed fluorine damage to plant life in the 
vicinity of certain industrial operations. In 
1951 Bredemann® published a 160-page 
review of fluoride chemistry, with refer- 
ences pertaining to fluorine damage to 
the United States 
have been conducted by a number of experi 


vegetation. Studies in 
ment stations and private research labora 
1945. The early 
fumigation work with this phytotoxie gas 


tories, beginning about 


was conducted in the concentration range 
of parts per million HF in the atmosphere.t 
However, field studies ¢ have indicated that 
atmospheric concentrations are probably in 
the order of magnitude of parts per billion. 

lluoride-containing gases are much more 
toxic to many species of vegetation than 
equivalent atmospheric concentrations of 
Fluorine accumu 
lates in the leaves of the plant throughout 
the growing season even at such extremely 
low concentrations as 0.1 to 0.7 ppb.§ Data 


other phytotoxic gases. 


developed through fumigation experiments 


conducted in this low concentration range 
indicate that fluorine is a cumulative, sys 
temic poison. Exposures of one to four 
weeks are required at such levels to produce 
typical fluorine markings on susceptible 
spec ws 

Visible Symptoms 
upon first appearance within 24 to 48 hours 
following toxic exposure, take the form of 


pale 


Fluorine lesions, 


gray-green, water-soaked or sunken 
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Certain 
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areas, occasionally surrounded by a reddish- 
brown border which may not fade. These 
areas gradually turn light tan to reddish- 
brown within two or three days, depending 
upon the species. Following a few weeks’ 
development these necrotic areas may fall 
out, leaving a hole or a nonincised margin. 
Critical inspection of such leaves will indi- 
cate the occurrence of such phenomena. 
Fluorine lesions are generally marginal or 
interveinal in dicotyledonous leaves and 
apical in monocotyledonous leaves. In Pinus 
ponderosa the needles may be shed in one 
or two years instead of the normal three to 
five years.|| Higher fumigations may pro- 
duce acute atypical markings which may be 
marginal or banded in monocotyledonous 
plants. Subsequent damaging fumigations 
produce progressive areas of injury which 
are sometimes separated by reddish-brown 
bands. Injured leaves are frequently ab- 
scised. This has been reported in apple, 
apricot, plum, prune, and peach. Fruit 
drop and lack of fruit set in the first and 
second years after heavy orchard fumiga- 
tions have been observed. 

MeCornack and associates * observed a 
black-tip condition on orchard peaches 
which could not be ascribed to an infectious 
agent. The indications were that it was 
caused by an unidentified chemical agent 
from a neighboring steel plant. 

Variations in Sensitivity.—A large range 
of sensitivity among different varieties of 


|| Shaw, C. G.: Introduced Ponderosa Pines and 
Gladioli as Indicators of Atmospheric Contami- 
nants, read before the Northwest Scientific Asso- 
ciation, Spokane, Wash., December, 1950; Shaw, C. 
G.: Pathological Factors in the Ponderosa Pine 
Blight Problem, read before the Northwest Scien- 
tific Association, Spokane, Wash., December, 1950; 
Shaw, C. G.; Fischer, G. W.; Adams, D. F.; 


Adams, M. F.; Lynch, D. W., and Johnson, 
P. C.: Fluorine Injury to Ponderosa Pine in the 
Vicinity of Spokane, Wash. read before the 
VIIL* Congrés International de Britannique, Paris, 
France, June, 1954, 
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of workers.# Analysis of the tissue indi- 
cated that the least sensitive varieties absorb 
the most fluorine. Johnson and associates *7 
reported that at one field exposure location 
Shirley Temple variety absorbed 138 ppm 
fluorine and showed 54% leaf injury, while 
Algonquin variety absorbed 611 ppm fluo- 
rine and showed 7% injury. Compton and 
Remmert * found, within a given variety, 
that the length of injury on the blade and 
the foliar fluorine concentrations were 
closely correlated. Adams and associates f 
reported that field-exposed and experimen- 
tally fumigated varieties of gladiolus (Snow 
Princess, Picardy, and Shirley Temple) and 
Pinus ponderosa showed a high degree of 
correlation between length of injury on the 
blade and the atmospheric concentrations 
to which the plants were exposed. 
Differences in response within a single 
variety to a given fumigation have been 
frequently noted. Hendrix has studied 
the variations in foliar injury in approxi- 
mately 1000 Pinus ponderosa seedlings field- 
exposed to atmospheric fluorine for three 
growing seasons. Thousands of individual 
leaf measurements enabled each seedling to 
be catalogued according to its sensitivity to 
the fumigant. Subsequently 600 of the seed- 
lings were transplanted to 3 gal. cans and 
were randomized into a factorial experiment 
# References 4, 47, and 48; Compton, O. C., and 
Remmert, L. F.: Investigations of Injury and the 
Fluorine Concentrations in Certain Agricultural 
Crops of Oregon, report submitted to the Oregon 
Agricultural Experiment Station, Feb. 15, 1949; 


Zeh, Harold: Personal communication to the 
author 

* Compton, O. C., and Remmert, L. F.: Investi- 
gations of Injury and the Fluorine Concentrations 
in Certain Agricultural Crops of Oregon, report 
submitted to the Oregon Agricultural Experiment 
Station, Feb. 15, 1949 

t References 4 and 49; Adams, D. F.; Hendrix, 
J. W.; Applegate, H. G.; Gnagy, R. M. and 
Koppe, R. K.: Some Effects of Hydrogen Fluoride 
on Plants, read in the Air Pollution Symposium of 
the American Chemical Society, New York, Sep 
tember, 1954 

t Hendrix, J. W.: Variation in Sensitivity to 
Atmospheric Fluorides Among Ponderosa Pine 
Seedlings, read before the Northwest Scientific 
Association, Missoula, Mont., December, 1954 
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in which the influence of five rates of fertil 
ization and four rates of water application 
upon foliar response to fluorine was investi 
gated. Other catalogued seedlings were ex 
posed to HF 
experimental chambers. The data thus far 


controlled atmospheres in 
developed indicate that the majority of the 
seedlings have retained their original sus 
ceptibility classification regardless of fertil 
ization, watering, or exposure to controlled 
fumigation or field atmosphere. 

Rate of Absorption—The rate at which 
fluorine is absorbed from the atmosphere 
varies even more markedly among species 
Daines and associates *? reported that bean, 
spinach, marigold, and petunia remained un 
injured after absorbing 200 to 500 ppm 
fluorine in leaves, whereas gladiolus and 
peach showed injury at foliar fluorine levels 
as low as 30 to 50 ppm. 
served concentrations as high as 5000 ppm 
fluorine in 


Thomas ob 


uninjured fumigated cotton 
Adams found 2985 
ppm fluorine in potato leaves and 272 ppm 


leaves. Hendrix and 
fluorine in grape leaves at the same loca 
tion.§ Analysis of 373 apple, prune, and 
cherry leaf samples, collected at two periods 
in 1952 from 112 land sections in five town 
ships, showed the average foliar fluoride 
content of apple, cherry, and prune to be 
195, 185, and 245 ppm, respectively.” 
Environmental Variables 


Adams and 


associates || studied the relative foliar re 


sponse of 40 species and varieties of vege 
tation to controlled atmospheres at 
eoncentrations of 1.5, 5, and 10 ppb HE in 
daylight and darkness. Correlation was 
made between exposure factor (an empirical 
factor expressed as the product of the 
atmospheric fluoride level in parts per bil 
lion and the hours of and (a) 


foliar fluoride level and (b) hours of expo 


exposure ) 


sure required to produce first visible foliar 

§ Hendrix, J. W., 
lished data 

Adams, D. F.; Hendrix, J. W Applegate, 

H. G.; Gnagy, R. M., and Koppe, R. K.: Some Ef 

fects of Hydrogen Fluoride on Plants, read in the 


and Adams, D. F.: Unpub- 


Air Pollution Symposium of the American Chemi 
cal Society, New York, September, 1954 


fluorosis Comparisons of the slopes of the 


regression lines for the relationship of 
daylight and darkness fumigations for these 
species indicated that the plants were, on 
the average, 80% as responsive to fluorine 
in the darkness as in daylight under similar 
conditions of temperature and humidity. 
Further comparisons of the rate of develop 
ment of foliar injury at the three concen 
tration levels showed that plants exposed 
eight hours daily, five times weekly, at 1.5 
ppb were slightly more responsive to fluo 
rine fumigation than were plants exposed at 
5 and 10 ppb levels for four and eight 
hours, respectively, twice weekly. 

Scales of relative sensitivity of a great 
number of species and varieties of plants to 
hydrogen fluoride been 
Zim 
merman, Stanford Research Institute, Rich 
Adams 
scales have been compiled into single listing 
‘ 


fumigation have 


developed independently by Thomas, 
ards, and and associates. These 
by Thomas 

The state of maturity of a given variety 
has a considerable influence upon the rate 
at which hydrogen fluoride will be absorbed 
“threshold” 


foliar fluoride required to produce visible 


as well as upon the level of 


injury. Adams and associates * found that 
Pinus ponderosa needles when only partially 
expanded will develop foliar fluorosis at 
15-20 ppm fluoride (dry basis), that freshly 
expanded needles will do so at 30-35 ppm, 
and that needles which have been expanded 
for three months will not develop injury 


to and 


at levels up ppm. Zimmerman 
Hitchcock ** found that tomatoes were more 
susceptible to HF injury when exposed in 
a wilted condition than when turgid 


Wann 


in 1944 observed a marginal scorching of 


Field Observations on. 1 pricots 


apricot leaves in Utah County, Utah. It was 


shown that tomatoes and apricots grown in 


soil transported to a rural area from a 


severely score hed orchard did not cle velop 


{ Thomas, M. D.: Air 
New York, McGraw-Hill 
to be published. 


Handbook, 


Company, Ine., 


Pollution 


book 
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scorching. Woolley # in 1949 and 1950 
continued this investigation. He showed 
that plants grown in the area of 
scorch and protected with filters, 


cloth, muslin, or wet excelsior did 


apricot 
cheese- 
not de- 
velop as severe a scorch as did adjacent 
unprotected 
branches 


plants. Apricot leaves on 
with cheesecloth 
showed moderate burn, with foliar levels 
averaging 96.8 ppm fluorine, and unpro 


tected leaves outside the bags developed 


covered bags 


severe burn and averaged 147 ppm fluorine. 

It is likely that the above-noted reduction 
could have resulted from (a) absorption of 
air-borne gaseous fluorides by the cloth bag, 
(b) removal of some particulate-containing 
fluorides by a filtering action, or (¢) a com- 
bination of these actions. Benson and asso- 
ciates * found upward to 160 ppm fluorine 
in unburned apricot leaves near Wenatchee, 
Wash. This level is in excess of that pre- 
viously thought to be necessary to produce 
foliar controlled —fumigations 
studies t or under field conditions prior to 
the installation of fume controls in other 
Washington areas having sources of fluoric 
effluents. 

Leaf Washing 
efficiency is possible for gaseous collection 
equipment than for particulate collection 
equipment, it was believed that an appre- 
ciable proportion of the total fluorides found 
by Benson and co-workers were deposited 
particulate fluorides. Field-collected apricot- 
leaf samples were split; half of each sample 
was analyzed for “total’’ fluoride, and the 
other half was first 


injury in 


Since greater collection 


washed with a dilute 
detergent solution and then analyzed for 
“residue” fluoride. Results indicated a 

# Woolley, J. T.: Etiology of Apricot Scorch 
in Utah County, Utah, Thesis, Utah State Agri- 
cultural College, 1952 

* Benson, N. R.; Chemlir, I 
D. F.: Unpublished data 

t Adams, D. F.; Hendrix, J. W.; Gnagy, R. 
M.; Koppe, R. K., and Yerkes, W. D., Ir.: Ef- 


fects of 


C., and Adams, 


Hydrogen Fluoride on 


Vegetation: A 
Preliminary Report on Fumigation Experiments, 
read before the Northwest Scientific Association, 
Portland, Ore., December, 1952 

t References 44 and 45 
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0-75% 
field-ex posed 


removal of the fluoride from the 
Ames,§ Zeh, and 
others have also subjected field-collected 
leaves to washing prior to chemical analysis 
in an effort to separate “exterior” from 
“interior” fluorides. 


leaves. 


Adams and associates,{ however, have 
found that 25%-80% of the fluoride accu- 
mulated by apricot leaves subjected only to 
gaseous fumigations could be removed by 
the washing techniques. 
Further work will be required to establish 
the relationship of the presently reported 


above-mentioned 


“total” and “residue” flourides field- 
exposed samples. 
Acropetal Movement.— Compton and 


Remmert # demonstrated the acropetal 
movement of fluoride by spraying gladiolus 
leaves with solutions of 1% sodium fluoride 
and eryolite. The tip six inches of all leaves 
were covered with cellophane 
tightly sealed at the base. Twenty-four 


hours later the tips of the leaves sprayed 


envelopes 


with sodium fluoride showed slight injury 
which extended down the tip for about 
three inches, The leaves sprayed with cryo- 
lite showed less injury. In other experi- 
ments with gladiolus these authors found 
concentration gradients from tip to base of 
1600 ppm to 12.3 ppm fluoride. Fluorine 
found in the tip three inches of these leaves 
was roughly & to 10 times as concentrated 
as in the next three-inch portion of the leaf. 
These authors confining the 
field sampling of gladiolus leaves to rela; 
tively short increments of the tips. Similar 


recommend 


translocation was obtained by injecting fluo- 
ride solutions into the leaf base or by apply 
ing these solutions in lanolin paste near the 
leaf base. Thus, injury at the tip or margin 


§ Ames, Ralph 
author 

|| Zeh, Harold 
author 

{ Adams, D. F.: Unpublished data 

# Compton, O. C., and Remmert, L. F.: In- 
vestigations of Injury and the Fluorine Concen- 
trations in Certain Agricultural Crops of Oregon, 
report submitted to the Oregon Agricultural Ex- 
periment Station, Feb. 15, 1949 
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of the leaf is undoubtedly due to an 
absorption of atmospheric fluorine over the 
whole leaf surface, with an attendant trans 
location through the vascular system to the 
periphery or tip. 

Histology.—Histological examination of 
fumigated Pinus ponderosa by Solberg and 
associates ®* indicated the internal pathway 
of hydrogen fluoride to be stomatal aperture, 


‘mesophyll, endodermis, transfusion tissue, 


vascular tissue, acropetal movement, and 
threshold accumulation in tissues of the 
needle apex, with resultant cellular damage 
and collapse. It is interesting to note that 
microscopic changes in the green needle 
tissue, presumably due to fluoride, were ob 
served only in the tissue immediately adja 
cent to macroscopically browned areas and 
were of an intermediate type. No observ 
able changes were noted in the absence of 
macroscopic injury. 

Corm Growth. —-Compton and Remmert * 
considered the effect of leaf injury upon 
gladiolus corm weight. They found a sig 
nificant correlation at the 5% level between 
the weight per corm and the length of 
injury per leaf in Beacon, Picardy, and 
Snow Princess varieties, all sensitive varie 
ties which showed foliar fluorosis. This 
relationship did not exist in Stoplight, a 
variety showing little or no leaf injury. 

Ponderosa Pine Blight.—-An_ intensive 
study of the possible causes of ponderosa 
pine blight in the Spokane, Wash., area was 
made in 1949-1950 by a research team from 
the State College of Washington and the 
U.S. Department of Agriculture. Lynch ™ 
made increment boring measurements on 
Pinus ponderosa within a 26-mile diameter 
circle in the Spokane area and discovered 
a reduction in growth of the pine trees, 
beginning in 1946, which was in opposition 
to the precipitation trend. He concluded 


* Compton, O. C.,, and Remmert, L. F.: Investi 
gations of Injury and the Fluorine Concentrations 
in Certain Agricultural Crops of Oregon, report 
submitted to the Oregon Agricultural Experiment 
Station, Feb. 15, 1949 
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that (a) some environmental factor other 
than precipitation had a detrimental eftect 
on pine trees in the area, (>) this effect 
was centered in one particular area, and (¢) 
the intensity of the damage was in zonal 
pattern from this center. Abbitt and asso 
ciates | reported foliar fluoride levels in 
collected pine needles to be proportional to 
the growth reduction pattern found by 
Lynch. Adams and associates ® related the 
average atmospheric fluoride levels found 
at 12 locations in the Spokane area with 
distance, direction, and meteorological con 
ditions. Shaw t protected one-half of potted 
pine seedlings and gladioli with the lime 
spray recommended by Allmendinger and 
associates ** and found excellent correlation 
between injury indexes calculated for the 
unprotected indicator plants and distance 
from the center of observed pine injury. 
No significant leaf injury was found on 
indicator plants which had been protected 
throughout the growing season with the 
lime spray. One interesting experiment in 
cluded a biweekly lime spraying of one-half 
of a single pine tree, the other half being 
protected during the spraying operation by 
a shield which fitted down over the tree. 
The unlimed half of the tree developed se 
vere needle fluorosis, whereas the lime 
protected needle tissue remained green. The 
influences of insects, disease, and soil were 
also investigated as possible causes of the 
so-called ponderosa pine blight in this area 
It was concluded that the presence of 
abnormal concentrations of atmospheric 


fluorides was the primary cause of the de 


+ Abbitt, W. H.; Adams, M. F.; Miller, V. I 


and Shaw, C. G Investigations of Seasonal 


Changes in Fluorine Content on Ponderosa Pine 
and Other Vegetation in the Ponderosa Pine 
Blight Area, read before the Northwest Scientifi 
Association, Spokane, Wash., December, 1950 

t Shaw, C. G.: Introduced Ponderosa Pines and 
Gladioli as Indicators of Atmospheric Contami- 
nants, read before the Northwest Scientific Asso 
ciation, Spokane, Wash, December, 1950 
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creased vigor and death of the trees in this 


area.§ 
Indicator Plants.—Compton and Rem- 
mert | have employed buckwheat as a fluo- 


ride accumulator plant to delineate areas of 
fluoric contamination, MacIntire and asso- 
ciates *” recommended the use of Spanish 
moss in the measurements of atmospheric 
fluorine. Miller and associates ® developed 
the use of limed filter papers as an accumu- 
lator of atmospheric fluorine and correlated 
the fluoride levels found on exposed papers 
with the foliar fluoride levels of gladioli 
and forages grown in the vicinity of the fil- 
ter paper enclosures, The use of such a 
relatively inert accumulator obviates the va- 
riations in fluorine uptake experienced while 
using plants as accumulators. Watering and 
Rain 
water has been collected and analyzed by 


care of plants are also eliminated. 


MaclIntire and associates ®° and by Compton 


and Kemmert,{ who were studying the 
amount of fluoride incorporated into the 
soil by the wash-down and its possible effect 


on plant life. Adams and associates * col 


lected and analyzed rain water over a 100- 


square-mile area to pinpoint the source or 
sources of fluorine and sulfur pollution in 
the ponderosa pine blight area. 

Soil Influence.—-Hansen # 


§ Shaw, C. G.; Fischer, G. W.; Adams, D. F.; 
Adams, M. F.; Lynch, D. W., and Johnson, P. C. : 
Fluorine Injury to Ponderosa Pine in the Vicinity 
of Spokane, Wash., read before the VIII* Con- 
grés International de Britannique, Paris, France, 
June, 1954; Fischer, G. W.: Summarization and 
Conclusions of the Ponderosa Pine Blight Investi- 
gations to Date, read before the Northwest Scien- 
tific Association, Spokane, Wash., December, 1950. 

|| Compton, O. C., and Remmert, L. F.: Investi- 
gations of Injury and the Fluorine Concentrations 
in Certain Agricultural Crops of Oregon, report 
submitted to the Oregon Agricultural Experiment 
Station, Feb, 15, 1949 

{ Compton, O. C., and Remmert, L. F.: Investi- 
gations of Injury and the Fluorine Concentrations 
in Certain Agricultural Crops of Oregon, report 
submitted to the Oregon Agricultural Experiment 
Station, Feb. 15, 1949 

# Hansen, E. D.: Distribution of Fluorine in 
Utah County, Utah, Soils and Uptake of Fluorine 
by Plants, Thesis, Utah State Agricultural Col- 
lege, 1953 


studied the 
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increase in average fluorine content of the 
first 24 in. of soil sampled in 1938 and 1951 
in Utah County, Utah. He found that at a 
distance of 0 to 2 miles from the reference 
point the average fluoride content of the soil 
had increased 29%, 2 to 6 miles from the 
reference point the average fluoride level 
had increased 8.8%, and 6 to 16 miles from 
the reference point the average fluoride level 
had increased 4.7%. He cautiously con 
cluded that “air movement will account over 
a long period of time for a rather complex 
distribution pattern of fluorine in soil from 
the atmosphere.” He further studied the 
uptake of fluoride from typical Utah County 
soils by alfalfa to determine whether in 
creased soil fluoride levels would influence 
the foliar fluoride 
thereon. He 


levels of 
that the 
200 ppm fluoride to five typical soils found 


crops grown 


found addition of 
in Utah County, normally containing from 
248 to 874 ppm fluoride, produced an aver 
age increase of 1.3% to 343% in the foliar 
fluoride level of alfalfa grown 
Hansen concluded that one must examine 


thereon. 


differences in the “colloidal capacity of the 
soil to absorp fluorine” in addition to the 
lime content of the soil in an interpretation 
of the foliar uptake of fluorides by plants 
from the soil. 

MacIntire and associates compared the 
fluorine content of red clover and rye grass 
grown outdoors against that obtained in 
plant tissue grown in the washed atmos- 
No 


conclusions were made regarding the ratio 


phere of an adjacent closed chamber. 


of gaseous fluorides from nearby thermal 
operations and air-borne soils containing 
fluorine which comprised the two major 
sources of fluoride accumulated in the ex- 
posed leaves. It was observed, however, 
that the difference in fluoride levels between 
plants grown outdoors and in a washed at 
mosphere was due to air-borne fluorides 
rather than to fluorides accumulated by the 
plant from the soil via the root system. 
Citrus.—Kaudy and and 
Bingham and associates ®® have conducted 


associates °° 


an extensive survey of the relationship be- 
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tween the fluorine content of citrus leaves 
in 130 groves in Southern California and 
visible foliar response. They found elevated 
foliar fluoride levels up to 211 ppm which 
were not associated with any visible foliar 
damage. Other possible physiological effects 
are currently being studied. 

Wander and McBride * have examined 
several citrus groves in certain Florida areas 
and have observed a chlorotic condition in 
the citrus trees which they believe to have 


been caused by an air-borne agent. Analysis 


of affected leaves showed up to 370 ppm 
fluorine, but no correlation between fluorine 
and degree of chlorosis was apparent. These 
observations seem to contradict those found 
but the Florida 
could be the result of varietal or environ 


in California, symptoms 
mental differences or higher exposure levels. 
These investigators reproduced the field 
observed injury by seven applications of 
N Hl and over a 
two-month period to the foliage of four 
year-old Rudy Red grapefruit trees. No 


aqueous 


foliar symptoms were produced by a similar 
spray program using phosphoric acid. The 
symptoms were confined to growth produced 
during the period of spraying and were 
most pronounced on leaves which were 
about three-fourths matured. 

Woltz and associates * reported that their 
studies on leaf scorch of gladiolus in the 
Tampa, Fla., area suggested that the dis 
order might have been due to fluorine com 
pounds present in the atmosphere. 

Invisible Injury.—Reckendorfer + postu 
lated the theory of invisible injury to plants 
from fluorine exposures. He stated that, if 
leaves are not subjected to high or continu 
ous fluorine fumes, fluoride does not build 
up in leaf. This 
leads to the condition known as chronic or 


*Wander, I. W., and 


Chlorosis 


any one section of the 


McBride, J. J., Jr: 
Produced by Fluorine on 
Florida, Science 123 :933, 1956 

t Reckendorfer, P.: Micro Chemistry of Fluo- 
rine Fume Damage and the Migration of Fluorine 
in Plant 


Citrus in 


Tissues: I. Invisible Damage, Pflanzer- 
schutz Ber. 9:32, 1952; II. Visible Damage, ibid. 


10:112, 1952. 


invisible injury without tissue necrosis. 
Continuous exposure permits fluoride con 
centrations to build up in certain sections 
of the leaf. This condition causes burn and 
is called acute or visible injury. Recken 
dorfer proposed that visible injury is inde 
pendent of the concentration of fluoride in 
any one cell but is dependent upon the rate 
with which the fluoride enters the cellular 
reactions. 

He further postulated chemical combina 
tions of fluoride with plant elements to yield 
Cals, inorganic water-soluble compounds 
containing fluorine, and organic ether 
soluble compounds containing fluorine. He 
presented data to support his contentions. 

Thomas ® in a recent paper discussed the 
theory of invisible injury to plants by sulfur 
and 


fluoride, smoke, 


that the 


dioxide, hydrogen 


smog. He concluded normal de 


fense mechanisms of plant tissue were 
more effective in oxidizing sulfur dioxide 
in the leaf than in reducing smog constitu 
ents. Thus, smog is more effective in caus 
ing invisible injury. Fluoride ions, by 
contrast, must be inactivated by slow me 
chanical means, such as translocation and 
volatilization, and could allow some invisible 
threshold concentrations are 


injury when 


exceeded. Thomas studied the influence of 
hydrogen fluoride on photosynthesis in a 
number of plant species. The varying re 
sponse observed was dependent upon the 
sensitivity of the species to the fumigant 
Photosynthesis in cotton was not affected 
by concentrations up to 500 ppb hydrogen 
fluoride. Interruptions of photosynthesis 
for periods of a few hours to 2 to 3 days 
four- to eight-hour fumiga 


resulted from 


tions of fruit trees, young barley, and al 
falfa at atmospheric concentrations of 20-50, 
68, and 250-1110 ppb HI’, respectively. The 
reversible character of this type of injury 
was emphasized, Similar reversal for smog 
was suggested by experiments of Hull and 
Went. 

Biochemical Response 


Adams 


and lem 
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erson ~ studied the effect of fluoride fumi 
gation on the ratio of amylose to total 
polysaccharides in fumigated and control 
ponderosa pine seedlings. Adams and Carle 
ton § have extended those studies to fumi 
gated prune, apple, and -apricot trees. The 
data tended to indicate that fluoride fumiga 
tion produced a reduction in amylose level 
and an elevation of the total polysaccharide 
concentration, 

Enzyme systems may be involved. Tor 
example, phosphatase | and other enzymes, 
such as enolase and amylase,{ are known to 
be inhibited in vitro by fluorine. Warburg 
and Christian ®' have reported that these 
enzymes consist of a protein molecule ac- 
tivated by combination with ionic mag- 
nesium or other bivalent metal. Fluorine 
will complex with the magnesium producing 
a reversible inactive form. Further research 
is needed to elucidate possible mechanisms. 


Smog 


Smog as a phytotoxicant has been recog 
nized only within the past decade (Middle 
ton and associates). Webster defines 
smog as “fog made heavier and darker by 
the smoke of a city.” As the word has come 
into common usage, specifically in the Los 
Angeles basin, it describes a unique blend- 
ing of more than 70 chemicals (not includ- 
ing fog as a necessary ingredient), con- 
taining, among many other constituents, 
hydrocarbons and oxidants which react pho 
tochemically in a manner not altogether 


t Adams, D. F., and Emerson, M.: Variation in 
Starch and Nonstarch Polysaccharide Content of 
Ponderosa Pine Needles Resulting from Fluoride 
Fumigations, read before the Northwest Scientific 
Association, Missoula, Mont., December, 1954 

§ Adams, D. F., and Carleton, R. O.: Unpub- 
lished data 

|| Massart, L., and Dufait, R.: Fluoride In- 
hibition and Metal Activation of Yeast Phos- 
phatase, Naturwissenschaften 27 :806, 1939; Plaut, 
G. W. E., and Lardy, H. A.: Oxalacetate De- 
carboxylase of Azotobacter Vinelandii, J. Biol 
Chem. 180:13, 1949, 

" Reference 61; Rockwood, E. W.: Effect of 
Neutral Salts upon the Activity of Ptyalin, J. 
Am. Chem. Soc, 41 :228, 1919. 
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understood to produce eye irritation, crop 
damage, rubber cracking, reduced visibility, 
and odor nuisances.#¢ Haagen-Smit and 
associates ™ first experimentally produced 
plant damage which was indistinguishable 
from field-observed smog-induced injury by 
exposing test plants to the reaction products 
of ozonated olefins. Although plant damage 
has been ascribed to the presence of the 
reaction products of pollutants unique to 
the Los Angeles basin, recently Went * has 
reported the observation of similar typical 
smog markings of certain sensitive plant 
species in San Diego, San Francisco, and 
many other metropolitan areas of the world. 

Noble ® has suggested that the diagnosis 
of smog injury be made by three general 
types of observations: macroscopic, micro- 
scopic, and the location of the damage on 
the leaf. 

Macroscopic Injury. Categorical de- 
scription of smog injury is difficult because 
of the wide variations in manifestations 


# References 63-66; Went, F. W.: General 
Problem of Air Pollution and Plants, Proceedings 
of First National Air Pollution Symposium, 1950, 
p. 148; Bradley, C. E., and Haagen-Smit, A. J.: 
Application of Rubber in the Quantitive Deter- 
mination of Ozone, Rubber Chem. & Tech. 24:750, 
1951; Haagen-Smit, A. J., and Bradley, C. E.: 
Ozone Formation in Photochemical Oxidation of 
Organic Substances, Indust. & Eng. Chem. 45: 
2086, 1953; Air Pollution Control District, County 
of Los Angeles: First Technical and Administra- 
tive Report on Air Pollution Control in Los 
Angeles County, Annual Report, 1949-1950 ;——: 
Second Technical and Administrative Report on 
Air Pollution Control in Los Angeles County, 
Annual Report, 1950-1951; Middleton, J. T.; 
Kendrick, J. B., Jr., and Schwalm, H. W.: Smog 
in the South Coastal Area, Calif. Agr. 4:8, 1950; 
Haagen-Smit, A. J.: Chemistry and Physiology of 
Los Angeles Smog, Indust. & Eng. Chem. 44:1342, 
1952; Roth, H. P., and Swenson, FE. A.: Phys- 
iological Studies of Irritant Aspects of Atmos- 
pheric Pollution, report to Los Angeles County 
Air Pollution Control District, Oct. 15, 1947; 
Haagen-Smit, A. J.: Control of Air Pollution 
in Los Angeles, Eng. & Se. Month. (Calif. Tech.) 
18(3): 11, 1954; Haagen-Smit, A. |., and Fox, 
M. M.: Automobile Exhaust and Ozone Forma- 
tion, Soc. Auto. Eng. Tr. 63:575, 1955 

* References 65 and 66 
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expressed by various species. Haagen-Smit 
and associates ® describe in general terms 
the sequence of development of the smog- 
induced injury symptoms. Usually the 
abaxial surface of the leaf is first attacked, 
causing the appearance of an “oily” area. 
Within one to three days following expo 
sure, affected leaves develop a metallic sheen 
or glazed appearance on their lower sur 
faces. The injury may not be restricted by 
veins, as in sulfur dioxide injury. Under 
severe attacks the silver-leaf pattern extends 
across veins and may involve the entire leaf. 

Middleton and associates * and Thomas 
and co-workers? first described the pattern 
of smog injury. Other authors have subse 
quently amplified this literature. A detailed 
description of damage to several plant 
species has been presented by Stanford Re 
search Institute ™ and includes several color 
reproductions of typical injury observed on 
selected field crops. 

Microscopic Injury.—Bobrov has made 
extensive studies of the microscopic re 
sponse of a variety of plant tissue exposed 
to smog in the field as well as in the labora 
tory with synthetically produced smog. She 
found that the initial expression of smog 
injury, which has been described as a shiny, 
water-logged appearance on the undersur 
face of an exposed leaf, was in reality tiny 
blisters raised on the lower epidermis.” 
Incipient damage showed up first in the 
cells which directly line the substomatal 
chambers. Disintegration of the chloro 
plasts, cell plasmolysis, and finally dehydra- 


+ References 68 to 71. 
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tion of the injured cells occurred without 
rupturing the walls or breaking contacts 
between cells. This final dehydration pro- 
duced a “skeletonization” in the limited 
regions of the substomatal chambers, 
with the filling of the intercellular spaces 
between the cells with air, thus causing 
most of the macroscopic effects observed. 
The brown areas which developed within 
the silvered areas of table beet leaves, for 
example, were caused by cork formation 
in the lower epidermal region rather than by 
necrosis."' Bobrov ® found that the injury 
pattern developed by smog-sensitive plants 
correlated with (a) stomatal distribution 
and activity, (b) volume of intercellular air 
space, and (c) age of the cells. She re 
ported no anatomical evidence of transloca 
tion of the phytotoxic agent in smog within 
the plant structure. 

Location of Damage.—Noble™ reported 
the observation of a relationship between 
the orientation of the damage pattern on the 
plant leaves and differential maturity among 
all the leaves and within each leaf on a 
given plant. Frequently injury was found 
only on three leaves of a given stalk. The 
immature and senescent leaves showed no 
injury. Of the leaves damaged, the young 
est would be damaged at the tip; the next 
older, a third of the way down from the 
tip, and the oldest, near the base, corre 
sponding to the progression of the leaf 
maturation. A series of smog exposures, 
covering a period of several days, produced 
banding on leaves of intermediate age 
(Fig.). This pattern of injury has been 


Mimulus 


flower) showing four 


(monkey 


light bands of injury 
caused by four success 
ive days of smogw (ac 
cording to Noble™) 


ele 
PS 


employed in the diagnosis of smog injury. 

Indicator Plants.--Middleton and asso- 
ciates ™ classified many commonly found 
plants according to their relative suscepti- 
bility to smog. A number of workers have 
utilized various smog-sensitive plants as 
qualitative and quantitative indicators of 
the presence of smog.™* Bobrov ™ proposed 
the use of Poa annua ™ primarily because of 
its (a) extreme sensitivity to smog, (b) 
distinctive transverse banding, and (c) 
ubiquity as a weed in the Los Angeles area. 
Further work is under way to quantize its 
application, 

Middleton and associates 7 showed that 
the extent and severity of injury of the 
primary leaves of pinto bean increased as 
the age of the leaves increased from 2 to 
16 days. These workers utilized pinto bean, 
which is equally sensitive to smog, in their 
field study of the correlation between the 
numerical rating of the leaf injury obtained 
and the per cent of plants damaged at 
several exposure stations with the recorded 
oxidant levels measured with neutral KI at 
these stations. Positive correlations between 
injury index and daily mean oxidant at five 
stations were obtained, but only two were 
statistically significant. Preliminary data by 
Todd and associates { indicated that pollu 
tant levels measured with ferrous thiocya 
nate correlate better with plant injury than 
do those measured with potassium iodide. 
Further work of this nature should eluci 
date more clearly the nature of the phyto 
toxicant in the Los Angeles basin. 

Environmental Variables Koritz and 
Went * reported that limited water supplies 
increased the resistance of tomato plants to 
smog damage. Middleton and associates § 
suggested a grower delay irrigation, if pos- 
sible, until after the aggravated air-pollution 
period has passed. Irrigation schedules 


{ Todd, G. W.; Kendrick, J. B., Jr., and Darley, 
k. F.: To be published 

§ Reference 77; Middleton, J. T.: Response of 
Plants to Air Pollution, read in the Air Pollution 
Symposium of the American Association for the 
Advancement of Science, Berkeley, Calif., Decem- 
ber, 1954. 
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might be related to forecasts of air-pollution 
periods, 

Kendrick and associates ,7° studying the 
response of spinach, romaine lettuce, barley, 
oat, and endive, held at 55 F for periods of 
four or more days prior to fumigations 
with artificial smog at 75 I’, found that they 
were much less susceptible to leaf injury 
than were similar plants grown at 75 F 
before fumigation. These investigators also 
found that plants supplied with abundant 
nitrogen were injured more seriously than 
were nitrogen-deficient plants. 

Influence on Growth.—Hull and Went 
showed that coleoptiles used in the standard 
Avena test were sensitive to natural and 
synthetic smog in that less curvature was 
produced by a standard amount of indole 
acetic acid in coleoptiles which had been 
fumigated. Hull and associates *® found a 
diurnal fluctuation in coleoptile response 
which was accounted for by small amounts 
of smog entering the greenhouse. It was 
suggested that the cause of the decreased 
response to applied auxin was not in the 
destructive effects of peroxides and other air 
pollutants on indoleacetic acid but in an 
effect on growth of the coleoptile itself, 

Koritz and Went ™ investigated the phys 
iological action of smog on tomatoes and 
etiolated pea sections. Significant depres 
sion of the growth of tomato plants was 
observed when the fumigations with mix 
tures of I-n-hexene with ozone were con 
ducted in the light at midday or in the 
early afternoon. No measurable effect was 
obtained when exposures were made in 
darkness or in the light after a period of 
darkness. 

Koritz and Went * also found that trans- 
piration and water-uptake rates of tomato 
plants were decreased during smog expo- 
sures but tended to return to normal when 
placed in an uncontaminated atmosphere. 

Protection from Smog.—Spraying the 
plants with a sucrose solution produced 
partial protection against smog damage. 
Later work by Hull and Went ™ with other 
plants showed that variable protection was 
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afforded by the sucrose spray. These re 
searchers further investigated the use of 
certain reducing chemicals as leaf-surface 
protective fer 


measures. Solutions of 


rous sulfate and stannous chloride were 
applied with no measurable alleviation of 
smog injury. 

Middleton and others *' protected pinto 
bean leaves from smog injury with an 
aqueous spray of manganese or zine ethyl 
ene bisdithiocarbamate applied immediately 
fumigation. Bordeaux at 3-3-100 
and 6-6-100 did not protect the leaves from 
injury, but an application of 12-12-100 


yielded protection. These investigators pos 


before 


tulated two mechanisms of protective action : 


(a) direct chemical influence and (h) 
altered plant activity. 

In a later paper Middleton and associ 
ates 7 suggested the application of dithio 
carbamates (commonly known as Zineb) as 
a specific protection for field-grown plants 
against the incidence of smog injury. Re 
search has not progressed sufficiently to 
state how often or what quantity of spray 
should be applied for most efficient utiliza 
tion of the spray.|| 

Yarwood and Middleton *? made the in 
teresting that rust-infected 
portions of bean leaves showed no smog 


observation 


injury, while noninfected leaves or portions 
of leaves of the same plants showed severe 
damage. Maximum protection was afforded 
in tissue which had been infected with the 
rust (Uromyces phaseoli or Puccinia heli 
anthi) for seven days. Explanation of the 
mechanism of this phenomenon could not 
be made on the basis of stomatal closure or 
by the high pantothenic acid level on the 
rust-infected tissue. Protection is appar 
ently afforded by some substance which 


diffuses the the 


beyond limits of rust 
mycelium, 

Physiological Response.—Wedding and 
Erickson ** found that artificial smog expo 
sures for periods up to three hours de 


Kendrick, IB 
J. T., and 


Jr.; Darley, E 
Paulus, A. O.: Plant 


F.; Middleton, 


Response to 
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creased the permeability of the cells of pinto 
bean leaves to radioactive phosphate, where 
as longer exposures increased the perme 
the leaf 


Increased permeability of the cells was as 


ability of cells to phosphate. 


sociated with appearance of visible smog 


injury on the leaves. Potato-tuber dises 
showed similar response to smog. 
Wedding 


lemma minor to ozonated hexene, ozone, 


Erickson and subjected 
and hexene for periods up to 24 hours. 
Photosynthesis measurements revealed a de 
crease in oxygen evolution by plants ex 
posed to the 


synthetic showing 


a high correlation with the logarithm of the 


smog, 


exposure time. Chlorophyll destruction in 
these plants showed an arithmetic relation 
with exposure time. Measurements were 
also made of changes in cell permeability. 
It was concluded that ozonated hexene was 
the 
ozone and hexene, or the sum of their in 


dividual effects. No inhibition of photosyn 


more toxic than either of reactants, 


thesis was measured except in connection 
with visible injury Respiration was shown 
to be stimulated by exposure to ozonated 
hexene.4 

Identification of Smog Injury 


and associates 


Nielsen 
reported the observation of 
an interesting pale blue fluorescence of 
smog-damaged leaves under ultraviolet light 
The authors indicated that further work is 
being conducted in an effort to establish 
the method as an objective means of assess 
ing the responsibility of smog in damaged 
vegetation. 
Middleton # 


ozone, in addition to oxidized hydro« arbons, 


exposed pinto beans to 


in an effort to distinguish between the smog 


type intury and ozone, Controlled fumiga 


tions with ozone produced a bleaching and 
with ozone produced a bleaching and mot 
tling of the leaf surface 


upper with no 


€ Todd, W.: Middleton, 
R. F Effects of Air 
10(7) :7, 1956 

# Middleton, J. T.: Biological Systems for the 
Identification and Distribution of Air Pollutants, 
read before the First International Congress on 
Air Pollution of the American Society of Me- 
chanical Engineers, New York, March 1 2, 1955 
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injury to the lower. Oxidized hydrocarbons 
produced the typical silvering and bronzing 


of the lower leaf surface. Fumigation with 


oxidized hydrocarbons and excess ozone 
bleached the upper surface and silvered the 


lower. The specific responses of pinto beans 
to ozone and oxidized hydrocarbons pro- 
vided an acceptable means for determining 


the presence of both types of pollutants in 
the atmosphere. 


Weeds as Indicators 


Benedict and Breen * have made a study 
of the foliar response of 10 commonly oc 


curring weeds to ammonia, chlorine, hydro- 
gen fluoride, hydrogen sulfide, oxides of 
nitrogen, and sulfur dioxide. Their findings 
were recorded as (a) descriptions and pho 


tographs of the markings which were pro 
duced on each week by each fumigant and 
(b) 


the relative resistance of the various 


weeds to each fumigant. The Table sum- 
marizes the data obtained by these investiga- 


tors and should prove a valuable aid in the 
field identification of a pollutant and the de- 
of the the 


termination in which 


area 


Groupings from Which Weeds Should Be 
as an Aid in Identifyin 


Ammonia Chiorine 

Sensitive 
Mustard 
Sunflower 


Sensitive 
Mustard 
Chick weed 
Sunflower 


Intermediate 
Lamb's-quarters 
C heese weed 
Annual bluegrass 
Kentucky bluegrass 


Intermediate 
Dandelion 
Cheese weed 
Neetle-leaf goosefoot 
Annual bluegrass 


Resistant 
Dandelion 
C weed 
Pieweed 
Noetle-leaf gcosefoot 


Resistant 
Kentucky bluegrass 
Lamb's-quarters 
Pigweed 


Hydrogen Sulfide 


Oxides of Nitrogen 


Bensitive Sensitive 
Lamb's-quarters Mustard 
Neetle- leaf goosefoot Sunflower 
Chick weed 

Intermediate 


Intermediate 
Dandelion 
Sunflower 
Kentucky bluegrass 
Digweed 


Annual bluegrass 
Dandelion 
Cheese weed 


Resistant 
Kentucky bluegrass 


Resistant Chick weed 
Annual bluegrass Neet le. leaf goosefoot 
Mustard Lamb's-quarters 


Cheese weed 


Pigweed 


Selected When Using Relative Sensitivity 
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pollutant has been present in sufficient con- 
centration to produce foliar markings. 


Summary 


Knowledge of the range of foliar expres- 
sions of plants exposed to atmospheric pol 
lutants is extremely useful to those engaged 
in the study of the scope and severity of an 
air-pollution problem. The wide variations 
in susceptibility and characteristic response 
of common species to typical contaminants 
provide a convenient method for identify- 
ing, determining the distribution of, esti 
mating the level of, and providing a 
collection medium for subsequent chemical 
analysis for a pollutant. A detailed review 
of the progress of research on the effects of 
sulfur dioxide, hydrogen fluoride, and “Los 
Angeles-type” smog since 1950 is presented 
(with work published prior to 1950 cited 
to provide continuity whenever necessary ). 
Fluoride appears to be a cumulative phyto 
toxicant which may move through the plant 
vascular system to the leaf tip or margin 
and produce foliar necrosis upon accumula- 


tion of a “threshold concentration.” F.vi- 


g an Air Pollutant* 


Hydrogen Fluoride 


Very Sensitive 
Neetle-leaf goosefoot 


Sensitive 
Chick weed 
Pigweed 
Annual bluegrass 


Intermediate 
Lamb’s-quarters 
Mustard 
Kentucky bluegrass 


Resistant 
Cheese weed 
Sunflower 

Dandelion 


Sulfur Dioxide 


Sensitive 
Chick weed 


Intermediate 
Mastard 
Annual bluegrass 
Sunflower 
Kentucky bluegrass 
Pigweed 
Cheese weed 


Resistant 
Lamb's-quarters 
Dandelion 
Neetle-leaf goosefoot 


* Benedict and Breen.** 
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dence also points toward possible enzymatic 
inhibition. Sulfur dioxide and smog expo 
sures result in foliar injury only if the rate 
of tissue absorption exceeds the rate at 
which the plant can effectively neutralize the 
toxic agent. Smog, however, can produce 
growth inhibition without producing visible 
injury, whereas sulfur dioxide does not pro 
Refer 


ence is made to a catalogue of common 


duce this so-called invisible injury. 


weeds according to their characteristic foliar 
response and susceptibility to a number of 
pollutants. 
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Whethods for Evaluating Respiratory P, rolective 
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H. GERALD GUYTON, B.S. 
and 


FREDERICK T. LENSE, M.S., Frederick, Md. 


The primary function of a protective 
mask is to prevent toxic material, such as 
gases, dusts, and infectious particulates, 
from being inhaled 
Masks 


also offer protection to the eyes and skin 


into the respiratory 


tract. which cover the entire face 


area. A means of evaluating masks prior 
to their use is necessary to insure against 
any potential leakage. Such leakage may be 
due to one or more of the following sources: 
(a) an inefficient or defective air filter; (>) 
an inefficient or defective outlet valve; (c) 
an imperfect peripheral seal, or (d) defec 
tive fabrication of the facepiece. This paper 
will describe new methods for evaluating 
the main components of a mask both indi 
vidually and collectively. The use of these 
methods should result in an improvement in 
the over-all efficiency of commercially pro 
duced respiratory protective equipment. 


Test Material 

Spores of a nonpathogenic spore- forming 
bacterium, Bacillus subtilis var. niger (often 
referred to as B. globigii), are used as the 
test material. This spore is oval in shape 
with a particle size of about 0.8, by 1.2» and 
when cultured on nutrient agar -forms 
orange-pigmented colonies. The spores are 


obtained by growing the organism in a shake 


culture, centrifuging, washing, resuspending 
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in sterile water, and then heat shocking at 
60 C for 30 minutes which results in a sus- 
pension free of viable vegetative cells. Such 
a stock suspension can be kept for as long 
as six months at 4 C without any significant 
change in viable count or colonial charac 
teristics. From this a suspension containing 
approximately 3.0 10* spores per milliliter 
When nebul 


ized at a rate of 0.2 ml. per minute, an aero 


is prepared for nebulization. 


sol concentration of between 3.0% 10° and 
4.0% 10° spores per liter can be maintained 
in the chamber after an initial 15-minute 
period. Dry air is mixed with the aerosol 
to maintain a relative humidity in the order 
of 25%, B. subtilis var. niger spores nebu 
lized in this manner are not always unicel 
lular, because agglomeration of the spores 
may oceur during or after release of the 
aerosol, The mass median diameter! of this 
aerosol was determined to be 2.1 by using 
Moreover, 99.15% of 
the particulates were between and 


a cascade impactor. 


in diameter. 
Methods of Evaluation 


Filter Media Filter 
papers and other filter media are evaluated 


and Canisters 
by utilizing specially designed holders which 
allow a known area of the material (usually 
100 em.*) to be exposed to the test aerosol. 
The filter medium to be evaluated and holder 
are placed inside a plastic sphere which is 
utilized as an aerosol chamber and has a 
volume of 120 liters. The medium is then 
challenged by drawing the aerosol through 
it by into a 
sampler located on the outside of the sphere. 


means of a vacuum source 
Phe aerosol is generated by a Vaponefrin * 


* Manufactured by Vaponefrin Company, Upper 
Darby, Pa 
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nebulizer and is introduced into the chamber 
through a tube penetrating the sphere. 
Since most filter media possess a rela 
tively high efficiency against particles in 
this size range, only a small number of 
spores actually pass through the filter in the 
effluent air. A filter (MI) + 
which will retain such spores and permit 


membrane 


their quantitative detection has been success 
The 
filter is placed in a holder which is connected 
to the effluent side of the test item and lo 


fully used as a sampler. membrane 


cated on the outside of the plastic sphere. 
Constant sampling rates, ranging from a 
linear velocity of 1 to 1500 em. per minute 
for various time intervals, are used, depend 
ing upon the type of material being evalu 
ated. Upon completion of the test, the 
membrane filter is removed from the holder 


SCREEN 
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COTTON FILL 


BREATHER PUMP 
CONNECTIONS 


IXHALE = 


SECTION 
OUTLET VALVE OUTLET VALVE A 
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‘ 
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SEE wSERT 


INTAKE PEAK y 


A, METER 


( an 
FILTER 


Fig. 1.—-Schematic diagram of 
and placed on a pad saturated with nutrient 
broth in a plastic Petri dish. The spores 
which were collected will grow on the sur- 
face of the membrane and can be counted 


+ Type AA, manufactured by Millipore Filter 


Corporation, Watertown, Mass 


MASKS 


with the aid of a stereoscopic microscope 
after 9 to 12 hours of incubation at 37 C, 
the of 
which can be counted on a membrane filter 


However, number spore colonies 
is limited due to confluence during incuba 


tion. Thus, whenever a test item 1s sus- 
pected of gross leakage, a cotton collector # 
should be used. After the sampling period, 
the cotton is removed from the glass tube 
with sterile forceps and placed in a bottle 
containing a known volume of sterile water. 
The contents are then agitated on a me 
chanical shaker for 10 minutes in order to 
resuspend the spores, and the number re 
tained by the cotton is then determined by 
standard bacteriological procedures. A con 
tinuous sample of the challenge aerosol is 
also taken during the test period by using 


cotton collectors. The concentration is de 


ATMOSPHERIC VENT 


PLEXI-GLASS 


SPHERE 


TRA 
METER 


Tuse ATOMIZER 
COTTON CLOUD An FLOW 
COLLECTOR METER 
— 
AE 


outlet valve testing apparatus. 

termined and expressed in spores per liter 
of air. Knowing the total spore penetration 
and the average concentration of the chal 
lenge aerosol, the per cent efficiency of the 
test item can be calculated, 


Canisters are evaluated in the same gen- 
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eral manner as filter media except that no 
special holders are necessary. The same 
sampling equipment and test procedure are 
employed. 

Outlet Valves—The aerosol chamber, 
test organism, and nebulization procedure 
used for the evaluation of outlet valves are 
the same as those described for evaluating 
filter media and canisters. However, in order 
to evaluate an outlet valve properly, it is 
necessary to simulate the human breathing 
cycle, A mechanical breather pump designed 
by Wilson and Harrod * to simulate five dif 
ferent work rates is utilized for this pur 
pose. It is connected to a specially designed 
brass adapter which is used to hold the out 
let valves (Fig. 1). This adapter is con 
structed to permit a complete air sweep of 
the area immediately behind the valve dise. 
The male section of a 19/38 ground-glass 
joint, packed with absorbent cotton to give 
an efficiency of 99.9%, is used as a collector 
to determine the number of spores penetrat 
ing the valve during its operation. Dy plac 
ing this collector in the top ring of the 
adapter, the inspired air is passed through 
it and the penetrating spores are collected 
on the cotton, A sample of the challenge 
aerosol is taken simultaneously with each 
valve test toth the volume of leakage, 
which is usually expressed in milliliters of 


M 
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air per minute, and the per cent efficiency 
of the valve can then be calculated. 
Respirators and Masks.—-A metal head 
form and a mechanical breather pump are 
used to evaluate a complete mask assembly. 
The headform is placed inside the plastic 
acrosol chamber described previously and 
the breather pump connected to it. The 
mask to be evaluated is then placed on the 
headform and its periphery sealed (Fig. 2). 
The aerosol of B. subtilis var. niger spores 
is generated in the same manner as that 
used for the evaluation of filter media, A 
24/40 ground-glass male joint packed with 
absorbent cotton is placed in the inspiratory 
line outside the aerosol chamber between the 
headform and the pump in order to retain 
the spores penetrating the mask assembly. 
By using the breather pump, a mask may 
be evaluated at five different work rates. A 
sample of the challenge aerosol is taken 
simultaneously with each test, and thereby 


the efficiency of a mask can be determined 


Comment and Results 


In order for a mask to be effective in pro 
tecting the respiratory tract, an efficient 
hlter medium for the inspiratory air must 
be provided. Some masks utilize a canister 
which is designed to remove only particu 


lates, whereas others remove both particu 


Fig. 2.—Mask testing 
apparatus 


. 
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lates and gases. Numerous commercial filter 
media, such as papers made from asbestos 
and causticized viscose, spun glass, and resin 
wool, have been evaluated using this method. 
A majority demonstrated efficiencies greater 
than 99°. 

The penetration efficiencies of outlet valve 
assemblies vary greatly, depending upon 
their design and construction. Many valve 
assemblies are provided with covers made 
of rubber or plastic to create a dead-air 
space around the valve which minimizes 
any leakage. 


Three of the commoner types of masks 


and respirators can be grouped as follows 
special-purpose masks used by industry, 


dust and paint respirators, and contagion or 
hospital masks. The average efficiency of 
three representative types of each of these 
three masks and 


groups of respirators is 


given in the Table. Examples of industrial 


Efficiencies of Protective Masks | 
Sedentary Work Rate 


valuated at a 


Efficiency, 


(iroup Per Cent 


Industrial special-purpose masks 
Dust and paint respirators 


Contagion masks 


full-face 
masks used in steel and chemical plants and 


special-purpose masks include 
those used by fire fighters. Although such 
masks utilize canisters with activated char 


coal or some other specific material to ad 


VASKS 


sorb fumes, they also contain filter media to 
Most dust 


and paint respirators are equipped with a 


remove the particulate matter. 
cartridge containing charcoal for gas re 
moval as well as a particulate filter. Conta 
gion or hospital masks are commonly used 
by physicians, nurses, and biological labora 
tory personnel to minimize the hazard of 
the transmission of air-borne pathogenic 


micro-organisms 


Summary and Conclusions 


Sensitive methods for determining the ef 
ficiency of respiratory protective masks and 
their component parts against air-borne bi 
ological particulates have been deseribed., 
Kepresentative types of contagion masks and 
dust and paint respirators which were eval 
uated provide inadequate protection agaist 
pathogenic aerosols whose particle size 1s 


in the Iw to 5 range. Industrial special 
purpose masks appear to be more efficient 
than the The test 
this 


commercially available or 


latter group of masks. 


equipment and materials described in 


paper either are 


can be readily fabricated 
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Gliycidyl Ethers 
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lor some years this laboratory has been 
conducting investigations of the toxicology 
of compounds with epoxy linkages. A_ re- 
port on the toxicity of certain compounds 
with polyepoxy linkages was presented be- 
fore the American Industrial Hygiene Asso- 
ciation in 1954.* The present report is 
concerned with (1) the toxicology of, and 
(2) medical observations on personnel 
working with, a series of compounds, the 
majority of which contain single epoxy 
linkages. The simplest of these, glycidol, 
has the structural formula 

H LO. 
H-O-C-C-CH 
HHH 
In addition, five glycidyl ethers of the gen- 
eral type 
H Ag 
R-O-C-C-CH 
HHH 
where Ris allyl. -butyl, glycidyl, iso 
propyl, or phenyl, have been investigated. 
Since there was the possibility that glycidol 
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Toxicology of Glycidol and Sone 


might undergo a biological transformation 
to give a-monochlorohydrin, the compara 
tive toxicity of this compound was also 
evaluated. 

Though glycidol is at present only of re- 
search interest, the five glycidyl ethers have 
present or potential industrial applications, 
for example, as stabilizers of chlorinated 
hydrocarbons against deterioration, as vis- 
cosity reducers for epoxy resins, and for 
application in surface coatings. All the com- 
pounds are moderately high-boiling liquids 
at normal pressures. Their relevant physi 
cal properties are summarized in Table 1. 


I. Toxicologic Evaluation 


An estimate of the systemic toxicity and 
surface-irritating effects of these compounds 
was considered desirable in order to deter- 
mine the precautions necessary for their 
safe handling. The experimental design of 
the studies includes primary irritation 
studies; determination of L. D.s9 values by 
intragastric, intraperitoneal, and cutaneous 
administration to rodents; single re- 
peated vapor exposures, and repeated cu 
taneous applications. 


Methods 


Test Animals.—The rats employed in 
these studies were males of the Long-Evans 
strain obtained from a commercial labora 
tory in Gilroy, Calif. Those on acute ex 
periments were housed five or six to a cage 
and fed standard laboratory pellets. Those 
used for long-term experiments were housed 
two to a cage and fed on a special green 
powdered feed which afforded optimum nu- 
tritional conditions. The mice were males 
of the Webster strain, also obtained from 
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the Gilroy laboratory. They were housed 
and fed as were the rats used in acute ex- 
periments. The rabbits were California 
Albino or New Zealand White males ob 
tained from the rabbitry at Point Reyes, 
Calif., or the Gilroy laboratory. 


A. Acute Studies: In all acute experi- 
ments the animals were held for a 10-day 
observation period after treatment, during 
which mortality records were kept and 
weight changes noted, Representative sur 
vivors were then killed for necropsy—mice 
and rats by decapitation under light ether 
anesthesia and rabbits by air injection into 
an ear vein. Suitable tissues were taken for 
histologic examination from all animals 
killed and from those that died during lab 
oratory hours. L. D.s9 values were cal 
culated by the method of Litchfield and 
Wilcoxon! in most experiments; for the 
studies on percutaneous absorption, the 
method of Weil? was used. 

1. Intragastric administration, After the 
approximate lethal range had been estab- 
lished with groups of two animals, rats and 
mice in groups of five or six (weighing 89 
to 150 and 16 to 22 gm., respectively) were 
given graded doses of the seven compounds 
intragastrically by means of a_ ball-point 
needle and syringe. Glycidol and diglyeidyl 
ether (DGE) were administered 10% in 
propylene glycol; allyl = glycidyl ether 
(AGE) and isopropyl glycidyl — ether 
(IGE), 50% ; n-butyl glycidyl ether (BGE) 
and a-monochlorohydrin (MCH), 5%, and 
phenyl glycidyl ether (PGE), undiluted. 

2. Intraperitoneal administration. Only 
BGK. was tested by this route. Groups of 
five rats (121-161 gm.) and five mice (21 
to 29 gm.) were given graded doses by in 
traperitoneal injection, The compound was 
given undiluted to rats, and 200% in propy 
lene glycol to mice, 

3. Cutaneous administration. Healthy 
rabbits (2.0 to 2.5 kg.) were clipped free 
of hair in a cylindrical swath from the 
shoulders to the hips 24 hours before use. 
The undiluted compounds, in graded doses, 
were introduced under rubber sleeves; the 


252 


rabbits were then wrapped in toweling to 
further minimize evaporation and held in a 
multiple rabbit holder * for seven hours. 

4. Vapor exposure. In these experiments 
graded concentrations of the compounds 
were used when death was produced with 
exposures to concentrated vapor. The term 
“saturated vapor” is not used, since it is 
our experience that the theoretical concen- 
tration at saturation is frequently not ob- 
tained. The concentrated vapors approache1 
theoretical saturation, however, except with 
DGE, where, owing to a small volume of 
sample, only about 200 ppm was obtained. 

l‘our-hour period. Groups of five or six 
mice (20 to 28 gm.) were exposed to graded 
concentrations of the vapors of glycidol, 
AGE, and IGE at 30+1 C and to DGE 
at room temperature (251 C) for four 
hours in a glass chamber of 19.5 liters 
capacity. The motor-driven syringe assem- 
bly previously described by Hine and asso- 
ciates * delivered measured amounts of the 
test compound from a 10 ml. Luer-Lok 
syringe into an evaporator through which 
metered air moved at a uniform rate. The 
air flow was set at approximately 3 to 11 
liters per minute, depending on the concen 
tration desired. Nominal concentrations 
were calculated by the standard gas-concen- 
tration formula of Jacobs® and were 
checked by determining the total quantity 
of material vaporized. 

Similar groups were exposed to concen 
trated vapors of MCH, PGE, and DGK. 
High concentration was obtained by bub- 
bling air through a fritted glass disc im 
mersed in the compound, which was held 
in a glass container. The rate of air flow 
was set at approximately 5 liters per min 
ute, 

Kight-hour period. Groups of six rats 
(110-140 gm.) were exposed to graded con- 
centrations of glycidol, AGE, BGE, and 
I1Gk, with temperatures and apparatus as 
described above. Groups of six rats were 


also exposed for eight hours to concentrated 
vapors of MCH, DGE, and PGE, using 
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temperatures and apparatus as described 
above. 

I. Primary Irritation Studies: The skin 
and eve irritating properties of glycidol, 
AGE, BGE, DGE, and IGE were evaluated 
by the method of Draize.* 

1. Skin irritation. The back and flanks of 
rabbits (2 to 3 kg.) were clipped 24 hours 
prior to use, The shoulders and hips were 
used as test sites, two areas on each animal 
being scarified and two intact. A_ patch 
consisting of three layers of gauze was se 
cured over each area with adhesive tape, 
and 0.5 ml. of the undiluted compound was 
introduced the The 


were wrapped in towels and immobilized 


under gauze. rabbits 


for 24 hours, after which the areas were 


examined and irritation scores noted. A 
second reading was made at 72 hours. The 
average of all readings was used as the 
basis for grading the compound, 

2. Kye irritation. Normal rabbit eyes 


were preselected on the basis of absence of 
grossly visible staining by a 5% aqueous 
solution for fluorescein sodium, flushed with 
distilled water 20 seconds after instillation. 
After a two-hour interval, to allow the eyes 
to return to normal, 0.1 ml. of an undiluted 
compound was instilled into one eye, leay 
ing the other for a control. The liquids were 
dropped on the center of the cornea, W hile 
the lids were retracted; about one minute 
later the lids were released. Readings were 
made at 1, 24, and 48 hours and then aver 
aged as a basis for grading the compound 

C. Chronic Studies: Chronic studies, in 
volving both skin application and exposure 
to vapor, were carried out as the quantities 
of material permitted. Glycidol and the five 
glycidyl ethers were applied repeatedly to 
the backs of 
posures were carried out at four concentra 
tions of allyl glycidyl ether, at 400 ppm of 
glycidol and isopropyl glycidyl ether, and 
at 100 ppm (approximate saturation) of 
phenyl glycidyl ether. An insufficinet quan 
tity of diglycidyl ether prevented repeated 
The 


effects of repeated exposure to n-butyl gly 


rabbits. Repeated vapor ex 


vapor exposures to this compound. 


GLYCIDY] 


ETHERS 


cidyl ether are currently under investigation 
and will be reported at a later date 

l Repeated application. The method em 
ployed in these tests was based on the 
method of Draize.6 The fur was closely 
chpped from the backs of albino rabbits at 
least 20 hours before the tests were begun. 
When it was necessary to clip regrowth of 
fur during the experiment, a period of at 
least 15 hours was allowed for healing of 
possible injury before further applications 
were made, Six rabbits were used for the 
series 

he compounds were placed on the backs 
in a geometrically even pattern, and the lo 
cations were changed on successive rabbits. 
All applications consisted of 0.2 ml. of un 
diluted test material, applied with a syringe 
and spread with a glass rod over an area 
approximately 1 cm. in diameter. The ma 
terial was removed at the end of one hour 
by wiping with soft laboratory tissues fol 
lowed by tissues moistened with acetone. 
Daily excepting 
week ends, until the degree of eschar forma 


applications were made, 


tion at the site made further applications 
undesirable, or the animals showed signs 
of systemic toxicity. 

2. Repeated vapor exposure. Groups of 
10 rats were given 50 daily seven-hour ex 
posures (except week ends) to 400 ppm of 
glycidol, AGE, or IGE or to 100 ppm (ap 
proximately saturated) of PGE. In a second 
experiment groups of 10 rats were given 50 
similar exposures to 260 ppm of AGE; ex 
posures to 600 and 900 ppm were terminated 
the 


joth control groups were exposed 


after 25 
ettects 


exposures because of toxic 


to uncontaminated air 
The 
of 200 


ranged from 11.7 to 22.0 liters per minute 


exposures were made in chambers 


liters capacity, and the air flow 


(3.5 to 6.6 air changes per hour). The con 
that de 
exposures, 


stant-metering device, similar to 
the 


delivered the liquids in measured amounts 


scribed in section on acute 
to the evaporator, where they were vapor 
The 


air in the chamber was allowed to equili 


ized in the air entering the chamber. 
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brate to a, theoretical 95% to 99% of the 
desired concentration before the animals 
were introduced, 

Vapor concentrations were monitored by 
frequent analysis of air drawn from a samp- 
ling port and absorbed in a magnesium chlo- 
ride and hydrochloric acid solution, The 
details of this method and its application 
in industrial hygiene air analysis will be 
reported at a future date. 

The rats were carefully observed at in- 
tervals during the exposure and were 
weighed weekly. At the end of the experi- 
mental period all survivors were decapitated 
under light ether anesthesia, and blood was 
collected for hemoglobin determination 
(Sahli method). At necropsy the animals 
were carefully examined for gross path- 
ologic changes, and the lungs, livers, and 
kidneys of all animals were freed of connec- 
tive tissue and excess moisture and weighed 
for determination of organ/body weight 
ratios. Sections of these tissues were re- 
tained for histologic examination, and also 
tissues from alternate animals, as follows: 
brain, thyroid, thymus, heart, stomach, in- 
testine, pancreas, adrenal, testis, and bladder, 

Organ/body weight ratios, percentage 
weight gain, and hemoglobin concentrations 
of the experimental animals were compared 


Tassie 2.—Tabulation 


L. D. 


o, Gm./Keg. 


Intragastric 


Compound 


Mouse Rat 


Cilyeidol O45 O88 


(0.37-40.54) (0.75-0.96) 


MCH 0.15 
(0.13-0,18) 


AGE 0.39 1.00 
(0.32-40.48) (1 84) 


BOE 1.43 2.26 
(1,17-2.00) 
DGE O17 O45 
0,14-40,21) (0,.34-0.00) 
IGE 1.40 4.20 
(0,95-1.75) (3,82-4.62) 
POE 1.40 3.85 
(1, 18-167) (3, 11-4.78) 


*Highest vapor concentration attained, 
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with those of the controls by the “Student” 
t-test. 


Results 


A. Acute Studies.—L. D.s9 and L. C.so 
values obtained through intragastric admin- 
istration, cutaneous application, and single 
vapor exposures are summarized in Table 
2. 

The predominant signs of pharmacologic 
activity of glycidol and the glycidyl ethers 
varied according to the route of administra- 
tion. Following intragastric administration, 
all the compounds depressed the central 
nervous system. Incoordination, ataxia, and 
depressed motor activity preceded frank 
depression, and the animals were usually 
comatose at the time of death. In the case 
of BGE some agitation and excitement pre- 
ceded the final depression. MCH, unlike the 
other compounds, produced a partial paraly- 
sis in some of the mice and flaccid paralysis 
of the head or legs in rats. Weight loss was 
most evident in animals surviving treat 
ment with this compound. 

In animals which received glycidol and 
PGE and survived, a reversal of the de- 
pressant effect was noted, with increased 
degree of activity of the central nervous 
system. Hypersensitivity to sound, vibra- 
tion of the facial muscles, and involuntary 


of Acute Toxicity Data 


Ppm 


Percutaneous Four-hour Fight-hour 


Rabbit Mouse Rat 


1,08 400 
(1.183.833) (330-610) 40-740) 


wr 


2.55 270 670 
(1.41-5.71) (206-774) ) 


4.93 > 3,500° 1.080 
3.73-6.50) 1 240) 
1.5 40 » 20" 

(ALD) (24-87) 
0.65 1,100 
(4.3 -21,6) (1, 100-2,0340) (790-1 530) 
29 100" > 100° 


(1,47-6.10) 


. 
7 
— 


tremors were seen, especially with glycidol. 
Some of the rats which died of the latter 
compound exhibited terminal intermittent 
epileptiform convulsions. Dyspnea appeared 
in all animals given the compounds intra- 
gastrically, to some extent, and lacrimation 
was noted with glycidol and AGE and after 
24 hours with MCH., 

Some species differences in intragastric 
IGE and PGE were 
somewhat less toxic to rats than to mice. 


toxicity were noted. 


AGE was considerably less toxic to rats. 
The difference between the most toxic and 
the least toxic compounds was tenfold in 
mice and greater than this in rats. 

BGE (the 
only compound studied by this route) caused 


Intraperitoneal injection of 


essentially the same pattern of signs as in 
tragastric administration of the compound. 
The L. D.so values of 1.14 and 0.70 gm/kg. 
for rats and mice, respectively, indicate only 
a slight increase in toxicity by this route, 
suggesting ready absorption from the gas 
troenteric tract. 

Surprisingly, signs of pharmacology ac 
tivity were minimal following percutaneous 
absorption. Depression was noted only with 
DGE and PGE. 
was usually within 17 hours, although oc 


When death occurred, it 


casionally delayed as long as 5 days. Varying 
degrees of skin irritation were noted, most 
pronounced with DGE. 

salivation, nasal 


Dyspnea, lacrimation, 


discharge, and aerophagia (severest with 
AGE) were much severer following vapor 
exposure than intragastric administration, 
while depression of the central nervous sys 
tem appeared usually as a terminal event. 
Depression appeared early only with AGE 
and BGE. 
BGE. 


with glycidol but not with PGE, which was 


Delirium was again noted with 
Signs of frank stimulation were seen 


not toxic at the highest vapor concentration 
attainable (100 ppm). Corneal opacity re 
sulted from eight-hour exposures to gly 
cidol, AGE, 


the result of acute pulmonary edema. 


and Death was usually 


Diglycidyl ether was by far the most toxic 


of the compounds to mice, with an L. C.so 
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of 30 ppm, yet was completely nontoxic to 
rats at the highest level tested (200 ppm). 
Conversely, BGE was more toxic to rats 
than to mice. L. C.so values for rats ex- 
posed for eight hours to glycidol, AGE, and 
IGE 


about a twofold difference at greatest, and 


were much more uniform, with only 


there was no especial species difference, 
While varying somewhat in toxicity ac- 
cording to the route of administration, none 
of the compounds would be classified as 
more than “moderately toxic” on single ex- 


posure. Most of them were “slightly toxic” 


or “practically nontoxic” according to the 
classification of Hodge and Sterner,* 

The commonest pathologic finding was 
irritation of the lungs, and pneumonitis was 
confirmed by microscopic examination. In 
the case of glycidol an inexplicable pulmon- 
ary emphysema was also detected. Discolor 
ation of liver and kidneys was also noted 
frequently on gross examination, but tissue 
changes not confirmed 


were consistently 


microscopically. In occasional livers focal 
inflammatory cells were observed, and mod 
erate congestion of the central zones, fol 
lowing AGE, BGE, and IGE administration. 
MCH produced unusual kidney changes, ap 
pearing particularly in rats treated intra 
gastrically. The lesions deseribed were acute 
inflammation in the perirenal fat, early 
necrosis of the tubular epithelium with pre 
cipitated protein in the tubules, and stages 
dilation 

Other 
the 


adrenal gland and adhesions of the stomach 


of regeneration of epithelium with 


of tubules and presence of casts. 


gross findings included hyperemia of 


to adjacent tissues after intragastric admin 
istration; however, no other microscopic 
lesions were noted 

Studies.—The 
and skin-irrita 
tion studies are recorded in Table 3. There 


Primary Irritation 


scores obtained in the eye 


was a marked difference in the eye-irritating 
properties of BGE and PGE in comparison 
with the other ethers and glycidol. These 
two compounds were only mildly irritating, 
while severe irritation was caused in indi 
vidual rabbits by all four of the other com 
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Results of Primary Irritation Tests 


Average Scoores* Irritation Grade 


Compound 


Skin | Eye Eye 
Glyeidol 45 6s Moderate Severe 
AGE 4.0 72 Moderate Severe 
BOER 248 4 Mild Mild 
DOE 75 74 Severe Severe 
IGE 44 0 Moderate Moderate 
PGE 0.7 ~ Mild Mild 


* Seored according to the method of Draize.* 


pounds, and three of them—glycidol, DGE, 
and AGI—had average scores, indicating 
them to be severe irritants. However, de- 
spite the severity of primary injury, no 
blindness or permanent defects in the cor- 
nea, lens, or iris resulted from the appli 
cations. 

The results of single skin applications in 
dicate that BGE and PGE would again be 
considered mild, according to the Draize 
rating, but only DGE would be considered 
severe, The maximum injury score for ery 
thema (4) was obtained in some rabbits 
with all compounds except PGE, however. 
The personal experience of laboratory per 
sonnel working with these compounds con 
firmed the observation that DGE was by far 
the most irritating of the compounds on skin 
comtact, 

©. Chronic Studies.—1. Repeated Appli 
cation: The results of repeated application 
were such as to indicate a definite difference 


from the results of primary skin irritation 
studies and a differentiation of the effects 


4.—Summary of Results 


Concentration, Weight 
Compound Ppm Mortality Gain 
Gilyeidol 400 0 0 


2) 0 
AGE 400 0 
600 + 
900 
IGE 
Pak 


400 
+ «Creater than control value 

~ Less than control value 


O- Not different from control value 
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of the different compounds. Three of the 
six animals died after the seventh applica 
tion, and the experiment was discontinued 
at that time. Maximum irritation had al- 
ready occurred with three of the compounds, 
and the changes with the other agents had 
stabilized. 

None of the animals gained weight, and 
the weight of those that died decreased sig 
nificantly prior to death. Signs of systemic 
toxicity appeared 48 hours before death, and 
the surviving animals were below normal 
in appearance, 

In order of decreasing skin irritation, 
the compounds were DGE (6.5), glycidol 
(5.7), PGE (5.2), AGE (3.8), BGE (3.3), 
and IGE (2.2). The compounds could be 
divided into two general groups: the three 
producing the greatest amount of irritation 
were significantly different from the other 
three. In all cases the erythema was greater 
than the edema, and it usually appeared 
earlier. There was a steady progression in 
degree of irritation, with only a few in- 
stances of lessening irritation on subsequent 
applications. Maximum irritation appeared 
as early as the fourth day with glycidol, 
AGE, and PGE. Applications were dis 
continued in some rabbits after the fifth 
because of maximum escharotic effect. 

On necropsy the skin treated with DGE 
and glycidol appeared to show a somewhat 
more iocalized effect than the other com 
pounds, but the penetration was greater. 

2. Repeated Vapor Exposure: On re 
peated vapor exposure glycidol, AGE, and 


of Repeated Vapor Exposure 


Organ / Body 
Weight Ratios 


Consistent 
Significant 
Kidney Liver Lung Lesions 


Hemoglobin 


0 0 0 + 


0 0 0 0 
+ 0 0 
+ 
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IGE were not lethal at 400 ppm, nor PGI: 
at 100 ppm (near saturation). Only AGE 
and IGE caused any evidence of systemic 
toxicity at 400 ppm (Table 4). IGE 
not tested at other concentrations ; however, 


Was 


AGE produced systemic toxicity, manifested 
by decreased weight gain at 260 ppm and 
high mortality at 600 and 900 ppm. There 
were significant organ/body weight 
ratios, except for kidneys of animals ex 
posed to AGE at 400 ppm (Table 5). The 


this have 
appeared also at the higher concentrations, 


increased stress on organ may 
but the survival of only a few animals pre 
vented statistical comparison. The increased 
kidney weight is not readily explainable 
Hemoconcentration appeared with all com 
pounds except AGE, but there was no evi 
dence of effect on red blood cell production 
in the extramedullary 


bone marrow. or 


hemopoietic centers. Observations on the 


follows. 


individual compounds were as 


5 Organ/ Body Weight Ratios 


\ Weight Ratios, 


| 


| Liver 


Group 


Control 
Glycidol, 400 ppm 3.49 
AGE, 400 ppm 
IGE, 400 ppm 
PGE, 100 ppm 
Control 
AGE, 200 ppm 


* 
t P= <0.001 


Glycidol. Very slight irritation of the 


eyes, with slight lacrimation and encrusta 
tion of the eyelids, and slight respiratory 
distress were seen following the first few 


These 


signs of toxicity did not appear to increas« 


exposures to glycidol (400 ppm). 


in severity with subsequent exposures; in 
fact, aside from the slight retardation of 
weight gain, compared with the controls, no 
evidence of cumulative toxicity could be 
detected. One rat died between the 49th and 
50th exposures of bronchopneumonia, and 
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Hemoglobin 
Gam of Rats Gwen Repeated Vapor Exposure 


Kidney 


0.085 


ETHERS 


there were no other deaths, Necropsy at 
the end of the experimental period disclosed 
no gross lesions, although there was a slight 
decrease in the amount of peritoneal fat; 
no microscopic changes were reported ex- 
cept one case of bladder nematodes 

Allyl glycidyl ether. A greater degree 
of ocular irritation and respiratory distress 
was apparent with AGE at 400 ppm than 
with glycidol. Indications of chronic im 
toxication were failure to gain weight nor 
mally, slight inerease respiratory 
difficulty, less attention to grooming of the 
coat, and a significant increase in kidney/ 
<O.01). 


of a rat that died after the 18th exposure 


body weight ratio (P Necropsy 
revealed very emphysematous lungs, with 
diffuse areas of hemorrhage, mottled liver, 
enlarged and congested adrenal glands, and 
Micro 
still 
another rat bilateral corneal opacity devel- 


gaseous distention of the stomach. 
scopically, pneumonitis was noted, In 


Levels, and Percentage Weight 


| 
Per Cent 


Hemoglobin, 
(im, 


Weight 


Lune Gain, Per Cent 


oped and persisted from the 31st to the 40th 
exposure 

At necropsy, at the end of the experi 
mental period, a greater decrease of perito 
neal fat was seen than with either glycidol 
or IGE 


mottled discoloration of the liver appeared, 


Some pulmonary emphy sema and 


and in one rat there was slight enlarge 
Mi 


not mal; 


ment of the spleen and bronchiectasis 


croscopically, most tissues were 


there was one notation of emphysema and 


one of bronchopneumonia 


4 

| 

| 

as 

12.2 233 

14,1° 208 
0.787" 12.0 140t 
0.719 14,2° 172° 

0.682 224 

0.086 220° 
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In the second series of repeated exposure 
to AGE vapors, 260 ppm caused very slight 
irritation of the eyes and slight respiratory 
distress, persistent throughout the experi- 
ment. The apparent evidence of 
chronic intoxication in this group was the 
retardation of growth (P= <0.01). 

At 600 and 900 ppm pronounced irrita- 


only 


tions of the eyes and respiratory tract were 
seen immediately. During the 25 exposures 
6 of the 10 exposed to 600 ppm and all of 
the 10 exposed to 900 ppm developed either 
unilateral or bilateral corneal opacity. Méd- 
erate to severe respiratory difficulty devel- 
oped within 5 exposures, and seven of the 
rats exposed to 600 ppm and eight of those 
exposed to 900 ppm died between the 7th 
and 21st exposures. 

At necropsy the lungs were found to be 
most severely affected, with varying degrees 
of bronchopneumonic consolidation, severe 
emphysema, bronchiectasis, inflammation ; 
other findings included mottled discoloration 
of the liver and enlarged adrenal glands. 
Gross examination of rats surviving the 25 
exposures also showed qualitatively similar 
pulmonary Pneumonitis and 
hemorrhagic lungs were common = micro- 
scopic findings in both experimental animals 
and controls. Two of the rats exposed to 


changes. 


900 ppm showed necrotic spleens as well as 
pneumonitis. 

Isopropyl glycidyl ether. Slight ocular 
irritation and respiratory distress were seen, 
similar to the signs shown with glycidol 
at the level. However, there was a 
significantly greater decrease in the mean 
<0.01), although 
not as great a decrease as with AGE at 
this level (P= <0,001). 

At necropsy some decrease in peritoneal 
fat was seen, and the lungs of 4 of the 10 
rats appeared somewhat emphysematous ; 


same 


weekly weight gains (P 


two showed some mottling of the liver. One 
of the latter showed confluent pneumonia 
on microscopic examination, but all other 
sections examined were within normal lim- 
its. 

Phenyl 


glycidyl ether, Only minimal 
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signs of eye irritation and respiratory dis- 
tress could be detected with exposure to con- 
centrated PGE (100 ppm). The mean 
weekly weight gains did not differ from 
those of the control animals. The tissues 
were grossly and microscopically normal in 
most cases, but two rats showed peribron- 
chial and perivascular pulmonary inflamma- 
tory cell infiltration and “cloudy swelling”’ 
in the liver, 

It is of interest that no consistent signifi- 
cant lesions occurred with any of the com- 
pounds except AGE and then only at 
concentrations which produced death as well 
as retarded growth. The pathologic changes 
which occurred in the lungs of rats exposed 
to 600 and 900 ppm were severe enough 
in degree to account for death. The inani- 
tion observed with some of the other com- 
pounds was also undoubtedly contributed to 
by the focal pulmonary 
secondary infection. 


irritation and 


Il. Medical Observations on Personnel 
Working with Compounds 


Since 1947 the senior author (C. H. H.) 
has had the opportunity to observe environ- 
mental factors associated with specific pro- 
jects and to examine certain employees of 
the Shell Development Company, at Emery- 
ville, as part of a health conservation pro- 
gram. While general health appraisals are 
not compulsory, all personnel employed in 
semiscale production and those potentially 
exposed to unusual hazards 
under medical surveillance. 


are placed 
In addition, ex- 
amination is made of all employees with 
complaints possibly associated with, or 
frankly resulting from, exposure to toxic 
substances. This has been found 
useful in the early assessment of possible 


intoxications. 


system 


Records of complaints and 
findings are cross filed under the suspected 
agent; this facilitates determination of the 
number and kind of complaint associated 
with a particular chemical or process. 

In a research and development laboratory 
contact with any chemical occurs at two 
essentially different levels of magnitude. 


> 
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Laboratory-scale processes involving a few 
technicians and professionals are conducted 
intermittently, and while the total man-hours 
are difficult to estimate, they are usually 
few, and the exposure rate is small. At the 
semiscale level the potential exposure is 
somewhat greater because of the quantity 
of material handled and the increased num- 
ber of employees involved. Hours of po- 
tential exposure are most easily computed 
by reference to payroll cards, since cost ac 
counting is kept in terms of man-hours ex 
pended on a particular project, 

It was found that there had been no sig 
nificant exposure to any of the compounds 
discussed in this report, except AGE and 
PGE. 


carried on since 


Semiscale work with PGE has been 
1947 and has involved a 
total of nearly 20 operators; however, the 
time involved is only about 8 man-months 
for 2 months of the year, on the average, 
and no operator has had more than 600 
hours on the project. Semiscale work with 
AGE. has been at about half this rate and 
goes back only to 1951. Contact with gly 
cidol, DGE, IGE has been limited to 
a few man-months of labe ratory 
work with BGE 
about eight men for three months, and lab 


and 
work. 
Semiscale has involved 
oratory investigations have involved con 
siderable numbers of people. 

In addition to pilot-plant operators and 
their supervisors, personnel with the fol 
lowing job classifications have had contact 
with these materials—laboratory assistants, 


chemists, warehousemen, maintenance me 


chanics, and shipping clerks. In general, 


chemists are not included in the general 
health protection program because of their 


low incidence of exposure. Other person 


nel, however, are examined as often as 


Taste 6—Summary of Medical 


exposure 


First-Aid Visits 


Total No, 


Compound of Cases Kee xposures 


Total 


GLYCIDY] 


Data on 
to Allyl Glycidyl Ether and Phenyl Glycidyl kther 


ETHERS 


warranted by the conditions of exposure. 

A review was made of the medical ree- 
ords of all persons working at the semi- 
scale level who had contact with glycidol 
or glycidyl ethers and of all who had re- 
ported for first-aid treatment or medical 
compounds, Records of physical examina- 
consultation specifically involving these 
tions and laboratory data did not indicate 
any of intoxication from the com- 
pounds. However, there have been 10 cases 
of dermatitis from AGE and 13 from PGE 
which have brought employees to the First- 
Aid In one of these IGE was also 
involved. There was also reported one case 
of eye irritation AGE. 
There have been five reexposures, necessi 
tating revisits to First Aid. 


cases 


room, 


from vapors of 


Less than one-third of the exposed per- 
sonnel have required consultation with a 


physician, since simple treatment by the 


nurses under standing orders was satis- 
factory in most cases. PGE has demanded 
a greater Aid 
and to the physician, and the average dura- 


number of visits to First 
tion of the cases has been longer than with 
AGE, One case required 56 days of treat 
ment. Three cases of persistent dermatitis 
not amenable to usual treatment were re- 
ferred to panel dermatologists. During the 
23 episodes four persons developed sen- 
sitivity reactions. A summary of the medical 
data is given in Table 6 

ur treatment of primary irritation by 
these compounds is no different from that 
which we have used for other chemical ir 
ritants, and consists, in general, of applica 
tion of soaks and dressings wet with Bur 
the inflammatory 
stage and use of mild lotions during the 


row’s solution during 


healing stage. Antihistamines or ephedrine 


Personnel Developing Dermatitis from 


Visits to Physician Duration, Days 


Range Total Hange Potal Kange 


a 
By. 
/ 
AGE 10 2 1-7 7 0-2 24 
POE 13 11s 1-27 172 


A 


Patch 
tests were made in three cases involving 
multiple exposure, 

Whenever a 


or both are sometimes dispensed. 


medical consultation 
held, the employee’s working procedures 
were reviewed, Changes necessary to de- 
crease the likelihood of contact and addi- 
tional 


was 


safety measures and protective 
equipment were recommended indi- 
cated, Any episode involving more than one 
employee in a particular area, involving re- 
exposure of an employee, or resulting in 
protracted dermatitis was investigated by 
the Supervisor of Safety and Industrial Hy- 
giene or the medical consultant or both. 

A case histories follows, illu- 
strating the source of contact, the type of 
personnel involved, the extent of the lesions, 
and the final outcome of the case. 

Case | 


series of 


A 28-year-old pipe fitter came to the 
First-Aid room with the chief complaint of pain 
in his left foot 

contamimng 


He stated that while moving a 

PGE he accidentally 
splashed with about half a cup of a liquid re 
in the which the drum had 
Since he experienced no pain, he did 
not wash his shoe or foot until about seven hours 
later; in the change house, before leaving work, he 
noticed that the area was red and mildly tender, 
and at this time he washed the site with soap and 
water but did not report to First Aid 
later he 


drum was 


maining hose with 


been filled 


Five days 
sought medical attention, complaining of 
the arch of and a burn, Ex- 
amination revealed an area of second-degree burn, 
about 4 em the 
of the left There was moderate swelling 
with blister formation over the entire area. After 
the treated chemical 
burn, with antiseptic soaks, ointments, and daily 
burn dressings 
the 
temporarily 


pain in his foot 


in diameter, on 
toot 


dorsal surface 


débridement area was as a 
Despite the location and extent of 
time the 


Recoy ery 


burn, no lost, 
work was 
of the 
An area of deep pigmentation 
about three 


was as man Was 


given bench 
complete, with a 
of 


remained 


scarring, at 


end 22 days 
for years 
Case 2.—A 33-year-old laboratory assistant com 
plained of itching of three days’ duration, prin 
cipally around the eyes. He 
stated that he was sensitive to epichlorohydrin but 


had had 


vear and 


nose, mouth, and 


no known contact with it in the past 


sensitivities, Dur 
ing the previous two weeks he had been working 


had no other known 


with resin overlays in which AGE was present; 
these overlays were heated, and small quantities 
of AGE could be detected in the air by odor 
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Examination revealed circumoral erythema of 24 
intensity, with reddening and swelling of the eye- 
lids. He was treated conservatively with wet 
soaks, and the dermatitis cleared completely in 
three days. 

Case 3.—-A 3l-year-old laboratory assistant 
complained of itching; she had noticed two small 
areas of redness on the back of her right hand 
She stated that her work consisted of weighing 
out small quantities of IGE and PGE and that 
there was occasional droplet contact. Owing to 
the nature of her work, which required use of 
an analytical balance, it was difficult for her to 
work with the ordinary gloves provided, and she 
had not used any protective equipment. Examina 
tion revealed two raised, brownish, moist areas, 
about 2 cm 


the 


in circumference, on the flexor sur 
right 


face of forearm. There was also a 
reddened area, 1 cm. in diameter, at the junction 
of her right thumb and forefinger. The skin of 
both hands was extremely dry and defatted. On 
the day following a new irritation ap- 
peared on the inner aspect of her left ear, and 
there were 


locus of 


excoriations between 
third fingers of her right hand 
soaks 


the 
She was 
permanganate, 1:10,000, and 
50 mg. of diphenhydramine (Benadryl) hydrochlo 
ride twice daily. 


second and 


given 


of potassium 


A suitable hand lotion was dis- 
was provided with lightweight 


Five days later all areas were con 
siderably improved 


pensed, and she 


rubber gloves 
She experienced some sleepi 
ness, and the diphenhydramine hydrochloride was 
therefore discontinued, 

One week 


later the assistant had an exacerba 


tion of all symptoms, with spreading of the lesions 
to all She a consulting 
dermatologist who treated her with x-rays 


fingers was referred to 
Two 
weeks later patch tests showed that she was sen 
sitive to both of the glycidyl ethers and also to 
a rubber which had 
Five subsequent work trials 
sensitization 


solvent with 


she occasional 


was 


contact resulted 


in a response, and she finally 
transferred to a department in which she had no 
contact with glycidyl ethers 

Case 4.—A 29-year-old laboratory assistant gave 
a history of possible exposure to PGE two days 


previously. He that 10 ml 


spilled glass pycnometer 
water bath containing 4 or 5 gal 


stated about of the 
mto a 
of water. He 
immersed his hands and arms for about 15 seconds 
to retrieve the bottle. The next day he noticed 
swelling and redness of his arms, which became 
quite by that evening. Examination 
disclosed swelling of all fingers, reddening of the 
dorsum of both hands, and a diffuse erythematous 
rash on the inner aspect both forearms. The 
skin was the touch, the fingers 
were tender on pressure. A sharp line of demar 


cation around both arms correlated with the depth 


olvent from a 


pronounced 


ot 


warm to 


and 


— 
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of immersion. The diagnosis was acute contact 
dermatitis from phenyl glycidyl ether. Conserva 
tive treatment was given for three days. Over 
the week end, however, the patient suffered an 
acute exacerbation and visited his family physician 
for treatment. It that during the 
week end he had worked at a filling station and 
had had with 
solvents while cleaning engine parts 


was learned 


considerable contact hydrocarbon 
Conservative 
treatment was continued, and 18 days in all were 
required for complete recovery 

Case 5.—A 36-year-old pilot-plant operator had 
been working for five months. During the course 
of a periodic physical examination acute dermatitis 
was noted on the inner aspect of the left thigh 
and on the fingers and dorsum of his left hand 
The exact time of contact was unknown, but dur 
ing the previous two weeks he had been involved 
in charging stills with PGE. He remembered that 


in this 


process he had occasional contact with 


drums which overflowed and, in taking them off 
the scale, had rested them against his thigh for 
leverage. He had noted discoloration of the skin 


about two days before the examination but said 
he was not bothered by itching. At the time of 
examination there was an erythematous vesicular 
back of the 


surface of 


dermatitis on the hand and on the 


proximate each 


finger; the anterior 


surface of the left thigh was erythematous and 
The appearance and distribution of the 


eruption were characteristic of 


weeping 


primary irritation 


He was treated with boric acid compresses and 


cortisone days and 


ointment for 15 responded 
satisfactorily 

One month after this episode the man reported 
diffuse 


and ears 


for diagnosis of a dermatitis involving 


his face, neck, He knew of no contact 
walked 


equipment 


with chemicals but had through an area 


in the plant where was being steam 


cleaned, and shortly thereafter felt a 
of the skin 
a period of about 

The 
with the following chemicals: acrolein, allylamine, 
AGE, PGE, and epichlorohydrin At a 1:1000 
dilution there was a 2+ reaction to acrolein, and 
in 48 hours a 4+ PGE 
toth fifth day 
There Two weeks later 
he was again patch-tested, with 1% 


pricking 
This dermatitis gradually abated over 
10 days 

operation was 


subsequently patch-tested 


reaction to acrolein and 
reactions were still 44+ on the 


were no other responses 
solutions, and 
in 24 hours there was 44 
PGE 
day 

CASE 6 \ 38-year-old 
reported to First 


left foot 


reaction to acrolein and 
These reactions were still 44+ on the fifth 
Negro warehouseman 
Aid because of swelling ot the 


with blister formation. He stated that 


about five days previously he had heen cleaning 
PGE, and 


from the 


out some drums containing some of 


the watery material drum 


spilled on 
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He did not 
nor did he change his socks for several days 


his shoe wash his shoe at the time, 
The 
days Ex 
amination disclosed an acute primary irritation of 


swelling was noticed in about four 


the dorsum of the left foot, approximately 5 em 
in diameter. He Burrow’'s 
This 


successfully in 


was given soaks of 


solution and an burn 


analgesic ointment 


treatment resolved the condition 
three days 

Ten days attack of 
acute itching over the entire body, and a macular 
both 


had been no further exposure during the 


later this worker had an 


rash 


appeared on the dorsum of hands 


There 


preceding week. On examination the lesions were 


seen to 


consist of numerous small macules and 


papules with a whitish base. There 


was some 


swelling of the connective tissues. This was con 
sidered to be a secondary 
The 
and there was no further difficulty 
(ASE 7 \ 29-year-old 


visited First Aid six 


reaction typical of an 


id response condition subsided within 72 


hours, 


laboratory assistant 


times over a period of five 


months, complaining of itching and swelling of 


his fingers. There was little objective evidence to 


substantiate his complaint, and he was not referred 


for medical examination until an acute episode 


occurred, characterized by overt swelling. His 


past medical history did not include any sensitiza 


tion; however, he was acutely aware of sensitiza 
that he had 


laboratory 


tion, stating worked the preceding 


year as assistant to an allergist At 


the time of examination he believed that he had 
a sensitivity to the compound with which he was 


This AGE. Ex 


disclosed fingers, 


working was discovered to he 


amination swelling of the with 


bleed 


ing at the ends of the fingers, with apparent injury 


limitation of flexion. There were areas of 


to capillaries. Incipient blister formation appeared 


on some of the fingers; there were whitish 


macules over the dorsal 


surface of all fingers 
he man had worn lightweight gloves for labora 
tory work for 


some said he was sure 


the chemical had penetrated the gloves At this 
AGE had 


diagnosis was 


time and 


merely working at the bench where 


heen used caused the response \ 


made of primary irritation with possible sensitiza 
\Gk. He 


glove 


tion to was given protective omtment, 


heavier and an outline of personal hygiene 
ditheulty 


the ensuing three 


which was successful in controlling his 


There was no recurrence during 
months 
Case \ 31-year-old 


noticed 


laboratory assistant 
hands 

Stated 
omeone else's gloves and 


stick and had at 


redness and itching of his about 
that he 


that 


prior to his : He 


noticed 


ver rather 


definite odor 


chen icals 


closed a macular rash, 


He was a member of a group work 


PGI 


with edema on the 


articularly with 


Examination dis 


dorsum 
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of both hands, a few excoriations, and drying of 
the skin. He was treated with basic shake lotion 
and refatting cream, with successful control in 
about 12 days 


Comment 


A survey of the literature indicates that, 
with the exception of phenyl glycidyl ether, 
the compounds covered in this report, or 
related epoxy ethers, have not been investi- 
gated previously. Smyth and co-workers 
reported on the toxicity of PGE and com- 
pounds of somewhat similar structure: 1, 
2, 3, 4-diepoxybutane, diisobutylene oxide, 
and epoxyethylbenzene* and earlier on 
ethylene and propylene oxides.” Their re- 
sults with phenyl glycidyl ether? and “phe- 
noxy propylene oxide’® were similar to 
ours. A summary of Smyth’s results is 
given in Table 7. 


7.—Comparative Data from the Publications of Smyth and Associates 


Compound Species 


M 
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posure to 357 ppm, leading to paralysis and 
atrophy of the hindlimbs; at this level lung 
irritation was the only lesion noted. Rowe 
found only irritation of the lungs of ani- 
mals exposed to 457 ppm of propylene oxide 
vapors, slight retardation of growth, and 
no other stress effects. 

Jacobson in his chronic exposure studies 
found only mild irritant effects on the 
respiratory passages with both compounds. 
On single four-hour exposures he found 
the L. C.so to be for ethylene oxide, 1460 
ppm in rats, 835 ppm in mice, and 960 
ppm in dogs; for propylene oxide, 4000 
ppm in rats and 1740 ppm in mice. These 
compounds are of the same order but per 
haps somewhat less toxic than the glycidyl 
ethers; we found evidence of chronic in 
toxication on repeated exposure to AGE and 


L. D. Respiratory 


Per- 
Intragastric, cutaneous, Mortality Exposure Ppm 
Gm./Ke M1./Kg Ratio Time 


Ethylene Rat 
oxide Guinea pig 


Propylene Kat 
oxide Guinea ple 
Dilsobutylene Kat 


oxide 


Rabbit 


Phenoxy Rat 
propylene oxide Rabbit 


Phenyl! Rat 
glycidy! ether Rabbit 


Rat 
1,2,3.4- Diepoxybutane Rabbit 


E poxyethylbenzene Rat 


Rabbit 


The toxicity of ethylene oxide and pro- 
pylene oxide has more recently been 
thoroughly investigated by Hollings- 
worth,'’ Rowe," Jacobson,'* and their col- 
leagues. Hollingsworth found gross irrita- 
tion of the respiratory passages in animals 
repeatedly exposed to 841 ppm of ethylene 
oxide, all of which died, and, in addition, 
slight organic injury to the liver, kidneys, 
and adrenals, There were delayed reversible 
effects on the nervous system at the level 


of the lumbar and sacral region after ex- 
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0.33 
0.27 


1.14 6/6 4 hr. 4,000 
0.69 5.4 
4.92 2/6 4 br. 4,000 


0 } 8 hr. Cone 

20 

4.26 0 8 hr. Cone. 
1.5 

0.080 6/6 15 min Cone 
0.089 

4.19 2/6 4 br. 
1:06 


lGle but not with glycidol and PGE. No 
consistent pathology could be associated with 
organs other than the lungs of animals ex- 
posed to the glycidyl ethers. 

We have previously reported" on the 
toxicity of five glycerol ethers, three of 
which were homologues of AGE, IGE, and 
PGE. In general, these compounds were 
slightly less toxic than the glycidyl com- 
pounds, and their mode of action appeared 
to be decidedly different. The glycerol 
ethers characteristically produced a flaccid 
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paralysis, and their mechanism of action has 
been shown to be depression of interneu- 
ronal transmission of nerve impulses from 
the motor area.’* From the difference in 
pharmacologic response it would appear un 
likely that the epoxy linkage in the glycidyl 
compounds is opened in vivo to yield gly 
cerol ethers per se. 

The of a-monochlorohydrin 
from glycidol in vitro has led to the hy 
pothesis that glycidol might also yield the 
chlorinated compound in vivo. 


formation 


However, 
the difference in pharmacologic effect and 
lesions and the considerably greater tox 
icity of MCH fail to support the hypothesis; 
the metabolism and ultimate fate of glycidol 
and the glycidyl ethers in the body remain 
to be elucidated. 

We thought it interesting that, while the 
greatest potential industrial exposures oc 
curred in semiscale operators, only one per 
son in this category was found to have 
a condition requiring medical attention. The 
reasons for this are not obvious but may 
involve the general lack of concern about 
skin irritations among these persons, their 
general “hardening” to primary irritants, 
the greater care which usually attends their 
operations, and their more frequent use 
of protective clothing and equipment. 

Interpretation of the toxicity data ob 
tained in these experiments and our re 
view of the 


working with these compounds suggest that 


medical records of persons 
the chief health problem arising from use 
of the compounds would be dermatitis. All 
the compounds produced some skin irrita 
tion on contact, and DGE, glycidol, and 
PGE are most likely to offend in_ this 
respect, Repeated contact with any of the 
compounds would probably give rise to 
dermatitis, but IGE and BGE would be the 
least noxious. The compounds are very 
irritating to the eyes, and proper precau 
tions should be instituted to prevent droplet 
contact. 

While experimentally it was possible to 
produce death in rodents by exposure to the 
vapors of glycidol, AGE, BGE, DGE, and 
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IGE, the practical hazard to man from vapor 
exposure appears to be relatively slight, 
since in common with other irritating in- 
dustrial chemicals, such as ammonia, hydro- 
chloric and sulfuric acids, and 
alcohol, these compounds offer ample warn 
ing of their presence. Irritation of the eyes, 
nose, and respiratory tract was noted by 
the experimenters working with the com 
pounds at room temperature. 
advisable to 


acrolein, 


It would be 
ventilation to 
promote comfort as well as protection o 
personnel handling the products. 

Similarly, 


use sufficient 


percutaneous absorption of 
these compounds does not appear to offer 
any significant hazard; relatively large quan 
tities on a gram per kilogram basis are re 
quired before systemic effects are elicited. 


While un- 


likely to occur, persons complaining of irri 


excessive vapor exposure is 
tation of the respiratory tract or other 
symptoms suggestive of lung irritation 
should be removed from further exposure 
and placed under medical care until the 
extent of lung injury has been evaluated. 
Immediate treatment for eye contamination 
should the recommendation of 
Kuhn '® for irritating materials. This con 
sists essentially of flooding the eyes imme 


fc le yw 


diately with copious amounts of water at 


low pressure. The necessity of removing 


contaminated clothing and shoes to prevent 


dermatitis has been illustrated by two of 


our case histories. Contaminated garments 
should not be worn again until the material 
has been thoroughly removed by washing 


Summary 


The toxicity of glycidol and five related 
ethers—allyl glycidyl ether, n-butyl glycidyl! 
ether, diglycidyl ether, isopropyl glycidyl 
ether, and phenyl glycidyl ether—was eval 
uated experimentally. a-Monochlorohydrin 
was included in the study, since it was 
purported to be a metabolic product of 
glycidol; experimental evidence did not sub 
stantiate this theory. 

The predominant signs of toxicologic ac 
tivity varied according to the route of ad 
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ag 
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fe 


ministration: depression of the central 
nervous system on intragastric administra 
tion; hypoxia, aerophagia, dyspnea, and irri 
tation of the pulmonary tract on respiratory 
exposure, and irritation varying from 
erythema to eschar on cutaneous application. 

While the compounds varied somewhat 
in toxicity according to the route of ad 
ministration, none of the compounds would 
be classified as more than moderately toxic 
on single exposure; most of them were 
slightly toxic or practically nontoxic. 

The five ethers ranged in their irritating 
effects on the eye from mild (BGE and 
PGE) to severe (DGE). Diglycidyl ether 
was severely irritating to the skin on single 
application; on repeated application glycidol 
and phenyl glycidyl ether also produced 
severe degrees of irritation. 

Only allyl and isopropyl glycidyl ethers 
caused any evidence of systemic toxicity on 
repeated exposure to 400 ppm of vapor, 

Similar to other common industrial chem 
icals, such as ammonia, acid gases, and 
acrolein, which possess good warning prop 
erties, the compounds offer relatively slight 
hazard from breathing of the vapors. 
Percutaneous absorption does not appear to 
offer any serious hazard in industrial use 
because of the low toxicity by this route. 
All the compounds produce skin irritation 
on repeated contact, and dermatitis may 
occur in personnel exposed cutaneously. 

Some typical case histories, exemplifying 
industrial exposure, are reported. 

R. Guzman and D. Simonson conducted portions 
the experimental work 
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Medlin of Detergents in White Mineral Ol 
upon Kabbit Epithelium 


C. WILLIAM WEISSER, M.D. 
MARIAN L. WESTRICK, Ph.D. 
and 


H. H. SCHRENK, Ph.D., Pittsburgh 


The use of detergent additives in lubri 
cating oil has raised the question whether 
the handling of these formulations con 


The 


present animal experiments were conducted 


stitutes a significant hazard to the eye. 


in order to provide factual information on 
which to base an evaluation of the eye haz 
ards that might be associated with the use 
of detergent additives in lubricating oil. A 
second purpose was to determine the nature 
and extent of corneal damage, if any, pro 
duced by instillation of the detergent addi 
tives into the eye. 


Formulations Tested 
White U.S.P. (liquid pe 
trolatum) was used as a base, and 5% by 


mineral oil, 


weight of various detergent additives were 
thoroughly blended with this oil. The white 
mineral oil was used alone as a control, and 
solution of 


a 5% soap flakes was included 


for comparison. The following materials 
were tested: 

sulfonate 
2—barium alkyl phenol sulfide 
3—barium polymer product 
4—barium salt of 


phenyl carboxylate 


a sulfurized wax 
barium sulfonate 

soap flakes, 5% solution in dis 
tilled water 


white mineral oil 


Received for publication March 15, 1956 
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Test Procedure 


Six male albino rabbits were used for each ma 
terial, thus giving a total of 12 dosed eyes. The 
method of eye testing advocated by Carpenter and 
Smyth 


was used with a few modifications. Prior 


to the first dose the eyes were stained with a 5% 
aqueous solution of fluorescein sodium and flushed 
with distilled water 20 seconds after application 
Only eyes that clear of 


those were completely 


gross, visible stains were selected for the experi 


ment. One drop of the sample was instilled imto 


each eye, the lid being retracted to permit the 


drop to spread evenly over the cornea. This was 
repeated on five consecutive days. The eyes were 
stained and examined daily by an ophthalmologist 
approximately five hours after instillation of the 
oils. The observations were made with the aid of 
hand slit-lamp magnification under a direct spot 


light. Any 


appearance of a typi al untreated eye was recorded 


deviation of the dosed eye from the 
as a positive observation and was regarded as a 
criterion for the evaluation of the test material 
On the eighth day (three days after last appli 
cation) the eyes of three animals from each group 
stained with fluorescein, examined, and the 
killed 
tological examination 
held tor 
(10 davs 


stained and 


were 


animals Both eves were removed for his 


Che remaining three rabbits 
On the 15th day 


were an additional week 


after last application) the eyes were 


killed, and the eves taken for histological study 


examined animals were then 


Gross Observations 


The results of the observations are sum 
marized in the Table and in the following 
sections. The occasional superficial stains 
that appear one day and disappear the next 
are typical of the stains which may result 
from minor abrasions 


Sample EH-1 


dosed with this compound showed changes 


Four of the twelve eyes 


Phe persistent staining found in the right 
eye of Rabbit 1 was possibly the result of 
irritation by the sample. The haze observed 


in the right eye of Rabbit 5 was less definite 
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Summary of Results of Examinations of the Eyes After 
Last Instillation and During Recovery Period 


H are 


Ne 


Sample Response 


Slight 
4 


FH-2 


* Boap flakes, 5% solution in distilled water 
t White mineral oi! 


and may be an artefact. The other two 


were superficial. 
Sample EH-2 


material 


The eyes dosed with this 
showed no significant response. 
The sporadic stains and haze observed dur 
ing the five-day period were typical of those 
resulting from minor abrasions. The test 
material had no apparent effect, since the 
damaged epithelium was completely healed 
within 24 hours despite further dosing. 
Sample EL H-3.—By the fifth day approxi- 
mately 50% of the eyes showed a. slight 
stain or that attributed to 
These changes apparently 


haze may be 
the test material 
were minor, inasmuch as the damage was 
quickly amended when dosing was discon 
tinued, 

Sample EH-4 
the dosed eyes showed consistent corneal re- 
sponse on the fifth day. The effect of the 
compound is manifest in a haze character- 
the opaque appearance of the 
corneal epithelium, The depth of the dam- 
age as well as the extent of the superficial 


Approximately 250% of 


ized by 


area involved was considered in recording 
the amount of haze. The haze persisted in 
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Mild 


No. of Eyes Showing Response Indicated Below 


Stain 


Small Large 


Additional 
Single 


Observations 


Multiple 
3 


Conjunctivitis (2) 
Conjunctivitis and edema (6) 


Severe edema (2); large ulcer 
lids closed 


two of the eyes even when dosing had 
been discontinued three days prior to killing. 
Sample EH-5 


some effect in seven of the eyes. A 


This compound showed 
con- 
sistent conjunctivitis noted throughout the 
five-day period appears to have been caused 
by a_ mild The 
alleviated when dosing ceased. 

Sample EH-6 
10 of the eyes from the instillation of the 


irritant. condition was 


There was irritation of 


5 solution of soap flakes. The irritation 
involved both the conjunctiva and the cor 
nea. During the five-day period the ex 
cessive mucous secretion caused the lids to 
be completely or partially closed most of 
the time. Although the immediate response 
of the eyes was quite severe, it is important 
to note that they recovered rapidly when 
the instillations were terminated. 

Sample EH-7 


showed varying degrees of response to the 


Ten of the twelve eyes 
oil base. However, only four eyes showed 
The haze that 
was characterized under Sample EL H-4 was 


response on the fifth day. 


In 
addition to the haze the epithelial cells were 


also present in this group of animals. 


| 
No Po 
1 
15 6 6 
5 12 1 
6 6 
6 6 
12 1 4 2 
1b 6 6 > 
6 4 2 
ib 6 6 
4 12 5 
6 
16 6 6 
: 8 4 2 
6 6 
7 6 2 2 . 2 
16 6 
|| 
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sufficiently damaged to give a visible stain 
with fluorescein sodium. The eyes had not 
completely recovered by the 15th day, 10 
days after the last dose. 


Histological Examination 


Six eyes for each sample were sectioned 
and examined for pathological changes.* 
Three eyes were from animals killed 3 days 
after the last dose, and three eyes were 
from animals killed 10 days after the last 
dose. The examinations revealed no abnor 


mality in any of the specimens. 


Comment 


In a study such as this where conclusions 
are based largely on macroscopic observa 
tions, it is difficult to distinguish fine differ- 
ences in the degree of response produced by 
the test materials. The Table indicates that, 
in general, the corneal response resulting 
from the instillation of white mineral oil 
containing detergent additives was compar 
able with that produced by the white min 
eral oil alone. There was no indication that 
the additives enhanced the action of the base 
oil, since six eyes dosed with each of the 
various detergent formulations were com 
pletely clear 10 days after the last instilla 
tion, whereas six eyes dosed with the white 
mineral oil base showed either slight haze or 
The 


slight haze, which was evident in the con 


stain after the same holding period 


trol eyes by gross observation, was not sub 
stantiated by any microscopic abnormalities 
The absence of pathological changes in all 
the groups was a good indication that there 
was no permanent damage; however, com 
plete recovery appeared to be somewhat 
with the white 
mineral oil alone than in those dosed with 


slower in. the eyes dosed 


the detergent additives. The soap solution 


caused an immediate irritation which was 


severer than that of the test materials; how 
ever, the response subsided quickly, and re 
covery was when was 


complete dosing 


discontinued. 


* The histological sections were prepared and 
Paul Gross, M. D., Research Path 
ologist, Industrial Hygiene Foundation 


examined by 


ON CORNEA 


In interpreting these results for a prac- 
tical application of the data, it is important 
to bear in mind the techniques employed in 
carrying out the tests. Maximum contact 
with the test material was afforded by (1) 
retracting the lids during dosing and for 
one minute afterward, thereby allowing the 
material to spread evenly over the entire 
cornea and (2) omitting the irrigation pro 
cess following the instillation. Furthermore, 
any deleterious effect of a single instillation 
would be augmented by repeated dosing on 
five consecutive days, since it is highly im 
probable that the epithelial damage would 
be completely repaired before the next ap 
plication. Under these experimental condi 
tions the contact with the test materials was 
more intensive than would be encountered 
following accidental contact. On the basis 
of our observations it is doubtful that any 
of the test inflict 


damage following a single exposure, pro 


materials would corneal 
vided that the eye was flushed with water 


immediately and profusely and adequate 


first-aid treatment followed. The anticipated 
eye hazard of the detergent containing for 
mulations appears to be no greater than that 
of the base oil alone, inasmuch as the tests 
indicated that the detergent additives did 
not enhance the action of the white mineral 


oil upon the rabbit eye cornea 


Summary 


A study was made of the corneal re 
sponse of rabbit eyes following the instilla 
tion of white mineral oil containing 5% by 
weight of one of the following detergent 


additives: calcium sulfonate; barium alkyl 


phenol sulfide; barium P2S, polymer prod 


uct; barium salt of a sulfurized wax phenyl 
The 


white mineral oil was used alone as a con 


carboxylate, and barium sulfonate 
trol, and a 5% solution of soap flakes was 
included for comparison. The detergent ad 
ditives apparently did not enhance the a 
tion of the white mineral oil, as indicated 
by the fact that the degree of re sponse pro 
duced by the test substances compared fa 
vorably with the response produced by the 
base oil alone. The instillation of the soap 


6,7 


or 
i 
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solution caused an immediate irritation 
which was severer than that produced by 
the other test materials. However, the ef- 
fects were transitory, and recovery was 
complete when dosing was terminated. In 
general, the corneal response produced by 


the detergent additives was relatively mild, 


considering the intensity of the experimen 


tal procedure. It seems unlikely that any 
appreciable damage would be incurred by 
accidental contact, provided that adequate 
first-aid measures are taken. 
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M. H. SAMITZ, M.D., Philadelphia 


In a some of 


previous paper! our 


experiences with allergic eczematous con- 
chromates 


dermatitis due to 


were related. 


tact-type 
Some of these eczematous 
dermatitides persisted for long periods 
of time despite removal of the patient 
from his source of exposure. We postu 
lated that the factors responsible for the 
chronicity and the exacerbations of these 
epidermal hypersensitivity reactions due 
to chromium could be caused by the ad 
herence or fixation of the metallic salts 
in the skin or by possible reexposure to 
minimal concentrations of the chemical 
in the environment or in consumer prod 
ucts. The possibility of using suitable 
chelating agents for both prevention and 
therapy was also suggested. The present 
report deals with 


some investigations 


along these lines. 


I. Attempt to Determine Fixation of 
Chromates in the Skin 


\ chromate ointment containing 5% 
of potassium dichromate and Carbowax 
was rubbed twice daily for four days 
over a 


section (6 in. by 8 in.) of the 


back of two subjects. The sites of appli 


cation were left uncovered, and washing 


was interdicted. No hypersensitivity or 


irritant reactions followed. Specimens 
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Adapted from a paper read in the Symposium 
Dermatoses American 
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on Industrial before the 


cago on Dee 6, 


were taken for biopsy 3, 10, and 17 days 
following the last inunetion. 
the 


reveal 


Spectro- 
skin 


traces of 


graphic analyses of removed 


sections failed to 


any 
chromium 

\ 0.25% aqueous solution of potassium 
dichromate was painted twice daily over 
the same area for three days. The sites 
left 


interdicted 


of application were uncovered, and 


washing was Biopsy speci 


mens were taken 4 and 11 days after the 


last painting. Spectrographic examina 
| | 


tions of the skin section failed to show 
any traces of chromium 

The sites of positive patch-test reac 
tions in a chromate-sensitive patient were 
also subject to removal of tissue for 
biopsy 7 and 15 days after the test solu 
tions had been applied. Although these 
sites still showed evidence of the positive 
reactions, spectrographic analyses of the 
skin sections failed to reveal any trace 
of chromium after 7 days and after 15 


days 


II. Search for Chromates in 
Environmental Contact 
since Gaul* had noted a rather high 
incidence of reactions to chromates in the 


routine patch with 


testing of patients 
hand eezemas and since Hilt*® reported 
from France that a great deal of house 
wives dermatitis of the hands is due to 


chromates proprietary solutions of 


hypochlorites (Javelle water dermatitis), 
we decided to analyze some of our com 


mon the 


detergents for presence of 


chromates. Twelve popular brands of 
detergents and four commercial laundry 
compounds were investigated 


dete ted 


Chromates 


were with a specific spot test 


(diphenyl carbazide), by spectrographic 
analysis, and by patch tests in chromate 
sensitive 


patients. The following deter 


gents were examined: Tide; Duz: Cheer: 


2069 
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Surf; Joy; Glim; Fab; Oxydol; Dreft; 
Vel; All, and Spic and Span. The latter 
two detergents gave false positive spot 
tests. None of the detergents showed any 
trace elements of chromium on repeated 
spectrographic analyses.* Patch tests 
with 3% solutions of the detergents gave 
negative reactions on two patients with 
known chromate sensitivity. 

The possibility of the presence of chro- 
mates in common articles of usage, such 
as keys, costume jewelry, ete., was also 
investigated. Various metallic articles, 
such as rings, keys, girdle clasps, ear 
rings, and costume jewelry, were tested 
spectrographically for chromium, None 
of the pieces of costume jewelry or the 
metallic articles revealed any traces of 
chromium by spectrogram, Two patients 
with dermatitides due to costume jewelry 
were sensitive to nickel by patch test but 
gave negative patch-test reactions with 
0.1% and 0.25% solutions of potassium 
dichromate. (The costume jewelry in 
these instances showed definite Ni lines 
on spectrographic analysis. ) 

A third source for possible incidental 
contact was the investigation of a print 
ing establishment where several workers 
had developed chromate dermatitis. Dur 
ing the course of work in this establish 
ment the workers were supplied with 
small linen towels. The workers fre- 
quently wiped and dried their hands. 
From time to time the wet towels were 
discarded and replaced with dry ones. 
Repeated spot testing of the towels with 
diphenyl carbazide gave consistently 
positive reactions. Spectrographic anal 
ysest of the towelling as long as six 
months after removal from the printing 
shop showed positive evidence of chro- 
mium. A quantitative analysis on a 6-in. 
square sample of used towelling revealed 
100. ppm of chromium. 


* Sensitivity of the spectrographic procedure is 
somewhere in the vicinity of 1 ppm (Dalare As- 
sociates, Philadelphia) 

+ Spectrographic analyses performed by M. W. 
Ransom, of Dalare Associates, Philadelphia 
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A 4-in. square of towelling was ex- 
tracted with water for 24 hours. The 
extract water showed chromium lines on 
spectrographic examination. Towelling 
was then subjected to routine washing 
with soap and water. Upon reexamina- 
tion of the hand towels spectrographic- 
ally, approximately 50% of the chromium 
was still present. Obviously in this group 
of printers the manner of drying the 
hands allowed for reexposure to the of- 
fending contactant. Similar towels used 
by a chromate-sensitive patient from an- 
other printing shop gave similar results. 


III. Attempts at Inactivation 
by Chelation 


Chelating agents have widely different 
affinities for different metals. Kurtin 
and Orentreich* were able to demon 
strate that the chelation of nickel ton in 
solution will deactivate its antigenic 
ability to produce allergic eczematous 
reactions in cases with positive nickel 
patch tests. The appearance of a positive 
nickel reaction was inhibited by pretreat- 
ing the patch-test site with a 10% 
edathamil (EDTA) ointment. These re 
sults were duplicated by us in a nickel- 
sensitive patient by using a 10% calcium 
disodium salt of edathamil{ (calcium 
disodium ethylenediamine-tetraacetate ) both 
in ointment and in solution. 


Fourty-eight Five 
Hours Days 
(1) Nickel sulfate 10% ++/+++ +++ 
(2) Niekel sulfate ¢ 10% | 
Ca Na, EDTA Negative Negative 
(3) Nickel sulfate ¢ Carbowax 
base +/+++ + + 
(4) Nickel sulfate 25% aq. 
sol, Ca Nas EDTA Negative Negative 


The same procedure, using 10% 
edathamil calecium-disodium (Ca Nae 
EDTA) in Carbowax base and 25% in 
water, was carried out on two chromate 
sensitive patients (a cement worker and 


t In this study Calcium Disodium Versenate was 
used 


H 
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a lithographer). Neither the edathamil 
calcium-disodium ointment nor the 25% 
edathamil 
the appearance of 
patch test. 


solution was able to inhibit 


a positive chromate 


Fourty-eight 
Cement Worker Hours 
Potassium dichromate 
O1% 


Potassium dichromate 

0.25% +++4 
Ointment base Negative 
Potassium dichromate 

0.25% « W% Ca Nas 

EDTA ointment 


) Potassium dichromate 
0.25% ointment base +++-+ 
) 10% Ca Na, EDTA oint- 


ment Negative Negative 


Fourty-eight 
Hours 


Seven 
Lithographer Days 


) Potassium dichromate 
0.25% 


Fountain solution 
in lithographing 


used 


10% Ca Nas EDTA oint- 
ment ce dichromate 
0.25% 


Ointment base ¢ dichro- 
mate 0.25% 


sol. Ca Nay 
dichromate 
++++ 


) Ointment base Negative Negative 


7) 0% Ca Na, EDTA oint- 


ment Negative Negative 


by these patch-test experiments we 
were unable to demonstrate inactivation 
of the chromium ion with this chelating 
agent. However, by the use of the same 
chelating Maloof * 


treat successfully chrome ulcers of the 


agent, was able to 
skin, It was claimed that edathamil may 
chelate the trivalent chromic ion but not 
the hexavalent chromate ion. 

To test the validity of this assumption, 
in vivo and in vitro tests are now being 
carried out, and the results will be pub 


lished elsewhere. 


Conclusion 


By spectrographic analyses of biopsy 
sections of skin previously treated by 
chromate were unable to 


detect any chromates in the skin. 


inunction, we 


the skin in 


sites of positive patch-test reactions was 


Fixation of chromates in 
not demonstrated by spectrographie an- 
alyses of biopsy sections. 

Spectrographic analyses of a group of 
common detergents and various metallic 
articles failed to reveal the presence of 
chromates, 

In two printing establishments con 
sistently positive evidence of chromium 
in towels and leach water following laun 
dering was obtained by spot tests and 
This type 
of environmental contact should be con 


by spectrographic analyses. 


sidered in the search for reexposure. 
Kdathamil 


caletum-disodium (in 
did 


the hexavalent chromium ion in patch 


ment or in solution) 


not inactivate 


tests performed on chromate-sensitive 
subjects 


1715 Pine St., Philadelphia 
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Kespmatory Funcrion Men Castine Capmium Atioys: Part 1. ASSESSMENT OF 
Venticatory Function. G. Kazantis, Brit. J. Indust. Med. 13:30-36 (Jan.) 1956 


Measurements of vital capacity, maximum ventilatory capacity (M.V.C.) at 30 and 70 
respirations per minute, and expiratory fast vital capacity were made on a group of men 


who had been exposed to the inhalation of cadmium fumes during the course of their work 


A control group was also studied. From the M.V.C. the swept fraction at 30 and 70 respira 


tions per minute was calculated, and from the 


expiratory fast vital capacity curves the 
mean time constant was determined 


No evidence was found that exposure to cadmium fumes affects the vital capacity. The 
swept fractions at the two respiratory rates were significantly lower in the cadmium-fume 
exposed group, and the time constant of the expiratory fast vital 


capacity curve was sig- 
nificantly greater 


Twelve men who had been exposed to cadmium fumes and one in the control group 
showed the ventilatory changes noted 


above. Clinically, a diagnosis of 
made in 12 of the 13 men with ventilators 
clinically as 


emphysema was 
changes. Conversely, three subjects diagnosed 
having emphysema performed the described tests within normal limits 


SHERMAN S. Pinto, Denver 


RESPIRATORY 
THE 


FuNncriOoN IN Men Castine ALLoys 
Tora. Lune Votume, Irs SUBDIVISIONS, AND THE 
Buxton, Brit. J. Indust. Med, 13:36-40 (Jan.) 1956, 


Part I]. Estimation oF 
Mrixinc Coerricirenr, R. St. J 


Estimations of total lung volume, its subdivisions, and the mixing coefficient were made 


on 37 men exposed to cadmium fume and 36 control subjects. The 13 workers who had 


been exposed to cadmium for more than 10 years performed less well as a group than the 
control series 


No significant difference was noted between the group exposed to cadmium 
for less than 10 years and the control group. 


SHERMAN S. Pinto, Denver 


A Srupy or Variations in Ourpur. I, 
Indust. Med. 13:70-74 (Jan.) 1956. 


M 


RicHarpson and W. Z. Brtewicz, Brit. J 


This is a study of possible relationships between health and output of work 


The data 
which are presented show no evidence of 


a relationship between physical health and output 
No study of mental health and productivity was made. The data suggest that variations in 


performance are likely to have been due to differences in capacity and inclination for work 


SHERMAN S. Pinto, Denver 


RELATIONSHIP OF CoRONARY Heart Disease To Respiratory Disapicity: INVESTIGATION 


or A RANDOM SAMPLE oF CoaL-Workers Acep 55-64 From A MINING VALLEY 
WaAtes. J. E. Coares, I. 
1956 


IN SouTH 
r. T. Hicerns, and A. J. THomas, Brit. M. J, 1:601 (March 17) 


Of 47 men between the ages of 55 and 64 years who were selected at random from 
miners and ex-miners in a mining valley in South Wales, 18 (38%) had coronary 
disease, Sixteen (34%) of the 47 patients had bronchitis, and 11 (23%) 
massive fibrosis of pneumoconiosis 


heart 
had progressive 
The evidence did not suggest any relationship between 

the three conditions 
The maximum voluntary ventilation was estimated in the 47 men as a measure of ventila- 
tory capacity from the mean of three or four readings of the three-quarters of a second 
timed vital capacity, The maximum voluntary ventilation determined by this indirect method 
was, on the average, 73 liters per minute, and it decreased by 17.07*%2.247 liters per minute 


for unit drop in clinical grade of breathlessness. Coronary heart disease was associated 
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with a significant elevation, and bronchitis or progressive massive fibrosis with 


a Significant 
reduction of the maximum voluntary ventilation. The response of blood lactic acid to stand 


ard exercise was normal in those persons with coronary heart disease who were judged fit 
enough to be subjected to the test 


Coronary heart disease does not commonly contribute to impaired ventilatory function 


Errects or INHALATION oF SuLFuR Dioxipe on RESPIRATION AND PuLSE-RATE IN NorMAt 

Supyects. P. J. Lawrner, Lancet 2:745 (Oct. 8) 1955 

No consistent changes in the tidal volume, respiratory rate, or pulse-rate followed the 
inhalation for 10 minutes of air containing 5 ppm and 10 ppm of sulfur dioxide by 18 per 
sons, of whom 6 lived in rural Kent. Six town dwellers inhaled the gas mixtures both from a 
mouthpiece and from a facemask. The series consisted of 72 experiments 

In an additional series no consistent changes were seen in six town dwellers, who inhaled 
20 ppm of sulfur dioxide by mouth 

Two apparently healthy persons developed audible signs of bronchospasm during the in 


halation of 10 ppm of the gas. This effect is being studied 


FrRoM THE AUTHOR'S SUMMARY 


Errects or Oxycen Posrrrvs Pressure IN CASES oF StLicosts 
AND IN CASES OF EMPHYSEMA with Severe Respiratory INSUFFICIENCY, 
Med. lavoro 46:411-418 (June-July) 1955 


The effectiveness of the oxygen intermittent positive pressure breathing was studied ex 
perimentally in seven silicotics and in six cases of emphysema with severe arterial anoxemia 
by means of two devices fitted with tightproof oronasal masks (Bennett's apparatus and 
Pneophore M.S.A.). Oxygen was given with a spectacle-type nasal catheter for control 
experiments 

Blood oxygen saturation was measured with the ¢ velops oximeter during oxygen inter 
mittent positive pressure breathing and oxygen therapy with nasal catheter 

Experiments have shown that in all patients affected with lung diseases, who during 
breathing of atmospheric air presented blood oxygen Saturation rates varying from 55% to 
89% according to the subject, oxygen intermittent positive pressure breathing with Bennett's 
apparatus or with the Pneophore gives way to complete di appearance of the arterial anoxe 
mia, while the oxygen therapy by means of nasal catheter, though producing a more or less 
evident reduction of the arterial anoxemia, has in no case led to increases above 95% of the 
arterial blood oxygen saturation 

Results obtained show that oxygen intermittent positive pressure breathing, for its effec 
tiveness in cases of lung diseases with severe respiratory insuflicienc y, should be preferred 
to the common oxygen therapy with nasal catheter as a method for the administration of 
oxygen 


From tHe Summary [Buus Hya. | 


EVALUATION OF THE CArpiAc Worker. D. R. SpaARKMAN and J. L. Witson, Northwest Med 
55:406 (April) 1956. 


In January, 1954, a Cardiac Work Evaluation Clinic was established in Seattle by the 
Washington State Heart Association. As in other clinics of this type, a team conference is 
held upon completion of the examination and interviews. At this meeting the internist, psy 
chiatrist, medical social worker, and vocational counselor report their respective findings 


After discussion of the pertinent data, a decision is reached as to job capabilities, and ap 


propriate recommendations made to the referring physician. When indicate 1, and approved 
by the referring physician, a copy of the recommendations is also sent to the potential em 
ployer By August, 1955, 147 patients had heen referred to the Car hac Work Evaluation 


Clinic by 60 different Washington physicians. Some of the more important data obtained 


were as follows: 84% of the patients were over 40 years of age: 34% were 


5% 


le had no heart disease Of those who had heart disease, 17% were placed in Class 1 


over 50, and 
«tf 
cording to the functional classifi ation of the New Yort Heart Association, 50% 


were in 


Class and 27% were in Class 3. Class 3 patients are generalls regarded 


as able to per 
form only sedentary work if they are able to work at all. Of the 147 patients examined, 124 
(86%) were thought to be employable. As of August, 1955, 64 patients had been seen in 
follow-up. Fifty-nine had heen told they could return to work; 41 (70%) had done so 
without harm to themselves and usually with considerable eratific ation at being able to re 
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sume useful, productive lives, Twenty-three (30%) had not done so for a variety of reasons, 
chiefly noncardiac. Of the 147 patients examined, 46% had moderate to severe emotional 
problems, which often presented greater difficulty in their rehabilitation than did their heart 
disease. 

The practicing physician can and does deal satisfactorily with the majority of employ- 
ment problems of his cardiac patients. Patients referred to the Cardiac Work 


Evaluation 
Clinic usually 


presented problems relative to their employability which were not readily 
solved, and actually 56% had been out of work six months or more, Although the clinic 
has been in operation for only two years, experience gained through its operation indicates 
that the great majority of cardiac patients can perform useful work if properly placed. So 
far, there is no evidence that any patient so placed has harmed himself by working. On the 
contrary, there is considerable evidence that the patient’s return to work has had a bene- 
ficial effect upon his morale, not to mention the economic benefit to himself, industry, and 
the community 


Occupational Diseases and Hazards 


INVESTIGATIONS ON THE Activity or Sirica. |. \W. 
rexkorrer, Arch. Hyg, 138:522-532 (Nov.) 1954 


It has been known for nearly a hundred years that colloidal silica precipitates proteins 
Such precipitation is likely to be connected with fibrogenesis in silicosis, and it was therefore 
investigated in detail. Polysilicic acid was prepared by dissolving Aerosil (colloidal silica) 
in sodium hydroxide and neutralizing with HCl <A number of different 


protein fractions 
were used in Ringer's solution 


Precipitation was observed macroscopically in test tubes in 
dilution series, and also on mixtures of drops by dark-field microscopy. 

The findings, given in detail, can be summarized as follows: Fibrinogen and gamma 
globulins were precipitated by the smallest amounts of polysilicie acid; alpha and beta globu 
lins were intermediate, and human albumin and hyaluronic acid were not precipitated at all 
Albumin and the nonprotein “collidon” (polyvinyl pyrrolidone) act to some extent as pro- 
tective colloids for globulins 


The results can be related to size and structure of the proteins, 


It is suggested that the 
hyaline material in a silicotic nodule does not contain mucopolysaccharides, in that the nodule 


does not consist chiefly of collagen, but rather of globulins adsorbed on to collagen fibers 
The protein-precipitating power of colloidal silica is said to be an important factor in the 
production of the silicotic nodule. 


G. NacetscuMipr 


INVESTIGATIONS ON THE Prorein-Preciprratinc Acriviry or Smica. If. W 
Kiosrerkorrer, Arch. Hyg. 139:62-74 (March) 1955, 


This paper consists of two parts. In the first part the precipitation of fibrin in the pres- 
ence and absence of polysilicic acids (Aerosil) is studied by dark-field microscopy; in the 
second part the results of prolonged intravenous injection of polysilicic acids into rabbits 
are given and discussed, 

Fibrin precipitated from citrate plasma by calcium chloride first takes the form of star 
shaped fibers which soon take on a felted network appearance 

In the presence of large amounts of polysilicic acid, clumps and no fibers are formed. 
When the silica is added after fiber formation has begun, the clumps are taken up inside the 
network and the latter is less dense 


With lower doses of silica, intermediate effects are 
observed 


It had heen found previously by Huebner that Aerosil altered the appearance of the fibrin 
precipitate produced from plasma, and it had been thought that this might be due to inhibi 


tion of an enzyme reaction by colloidal silica. In contrast to this interpretation, the author 


believes that protein precipitation, and not enzyme inhibition, produced the results found 


The second part describes the results of intravenous injection into rabbits of Aerosil sus- 
pensions (50 mg. suspended in 2 ml. water) twice weekly until death. 


If these injections 
are given very slowly, animals survive up to two months 


There is a progressive increase in 
the gamma globulin fraction of the blood serum (from 16% to 21% on an average) 


at the 
expense of the albumin 


The histological findings at death are described in detail. They are mainly an advanced 
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periportal fibrosis of the liver, much fibrosis in the spleen, 
of the lungs. Many plasma cells were found in the blood 


nephrosis, and albuminous edema 


These findings are discussed in the light of previous experiments with Aerosil 
tracheal, intraperitoneal, animal dusting) and current theories of 


(intra 
siheosis production. The 
immediate toxic effects of injecting colloidal silica are probably due to vasoconstriction, 
changes of permeability of the vessels, and perhaps multiple micro-embolism 
If this is avoided ‘by gradual dosage, the colloidal silica precipitates much 


protein (fibrin 
and globulins) which is taken up by histiocytes and deposited ir 


1 the perivascular interstitial 
tissue, unless it is excreted via the kidneys. The precipitated proteins are adsorbed on to 
preexisting fibers, and the result is fibrous interstitial tissue which gives the staining reaction 
of collagen 

The author makes the point that intravenous injections should not be used 
hazard of a dust. Aerosil has never 


to assess the 
produced lung damage in inhalation experiments. The 
reason 1s that, in contrast to the liver, the lung is a well-drained organ which can quickly 
eliminate dust of such small size as Aerosil, 


G. Nacerscumipy [Bun Hye | 


Dust ACCUMULATION AND Irs on FRACTIONS oF SerUM Prorerns: A Convert 


BUTION Basep ON ANIMAL ExprerIMENTS. \W KLOSTERKOTTER, Beitr. Silikose-Forsch. No 
34, 17-30, 1955. 

In silicosis and silicotuberculosis an inc rease in the gamma globulin content of the blood 
serum of patients has frequently been observed. The author wanted to find out whether this 


effect, which had also been observed in animal experiments, was specific for silica or could 


be caused by any kind of dust, and to what extent the effect altered antibody 


reactions 
Different dusts were injected intraperitoneally into mice, each after 


previous careful meas 
urement by paper electrophoresis of amount and variabilits of their gamma globulin content 
The dusts included quartz, coal, graphite, aluminum, phosphate, and others. It was found 
that all dusts caused a significant increase of the gamma globulin fraction at the expense 
of the albumin, and mean results are given for them 

The antibody problem was tested by comparing 10 normal rabbits with less than 20% 
gamma globulins with 10 rabbits which had been dusted with 


years and which all had more than 27% 


coal dust for two and one-half 
All rabbits were injected with paratyphoid vaccine 


(eight injections in three weeks), and the agglutination titer was determined (according to 


the Gruber-Widal reaction), It was found that the dusted animals had consistently higher 


titers, and therefore the power to form antibodies was certainly not diminished 


In discussing the results, the author thinks that the increase 
specific reaction which could be caused by infection or toxic 


in gamma globulins is a non 


or mechanical stimuli and is 
therefore not suited for diagnosis of silicosis 
Further experiments are required to find out whether an increase in gamma globulins 


could not reduce the capacity for producing antibodies, as had been found by other workers 


on rabbits in a different context 


NaGcerscumipr [Burs 


ON THE SiLicocentc Activity o- PLANT MArertat CONTAINING Sinica. J. Mone, Beitr 
Silikose-Forseh. No. 34, 31-53, 1955 
On the basis of the silica solubility theory, dissolved and subsequently polymerized silica is 
the fibrogenic agent in silicosis. Such polymerized amorphous silica occurs in 


many plants, 
and it amounts to over 80% of the dry matter in -quisetum 


Experiments were therefore 
undertaken with a sample of dried sterilized Equisetum powder which was in 


jected intraperi 
toneally at the rate of 1 gm. in 10 ml. saline per 


animal into guinea pigs of 300 to 350 em 
weight. Killings were done after 1 day. 5 weeks, 414, 12, 


and 18 months The results 
are described in some detail and illustrated by ma ro 


and micrographs, After a strong imitial 


foreign-body reaction, some cellular granulomata were found which tended to regress after 


one year and had almost completely disappeared after 18 months. There was very little 


formation of collagen in isolated tissue ars, but these did not 


resemble silicotic nodules in 
any way. It is concluded that the material is inert according to the 


peritoneal tests and that the silica appears to have been 
environment and excreted without leaving any lesions. This 


usual criteria of intra 
dissolved in the alkaline tissue 


does not accord with the silica 
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solubility theory, and the action of quartz in silicosis is said to depend on its surface and 
crystal structure. 


G. Nacecscumipr [Buty Hye.] 


Tissue Reaction vo Acipic AND Basic Surraces or lon EXCHANGE Resins IN INTRAPERI 
rONEAL Tests On Mice. F. J. Strecker, Beitr. Silikose-Forsch. No. 36, 19-28, 1955. 

The surface of quartz is generally believed to be covered with hydroxyl groups, and as 
nothing is known about the tissue reaction to solid acidic or basic surfaces, ion exchange resins 
were tested in silicosis model experiments, The particle size of the resins ranged from lp to 
Hye ov even more (mostly 10-20), Six resins containing SOsH, COOH, NHs, NHsOH, and 
phenolic OH groups were injected intraperitoneally into mice at the level of 4-5 mg. per animal 
and the tissue reaction was studied up to eight months after injection, 

Findings were generally negative. After an unspecific early inflammation, the usual foreign 
body reactions given by inert materials were found in all cases, except that the NHzs resin 
appeared to be dissolved by the phagocytes 

It is not quite certain that equally negative results would have been obtained had particles 
of less than 5a been used, 


G. Nacetscumipr Hye. | 


kvvects of Dusts IsoLarep HUMAN LuNos, Born HIGH In Quartz anp Low IN 
Quartz sur Hicu in Coat, Arrer INTRAPERITONEAL INJECTION INTO Mice. C. LeGcertorz, 
Beitr, Silikose-Forsch. No. 36, 29-68, 1955 

The paper starts with a concise review of silicosis literature. Two current theories on 
the origin of coal miners’ pneumoconiosis are contrasted: (a) the disease is due to quartz but 
modified in appearance by the large amounts of coal; (>) it is due to the coal, and the quartz 
is accidental. 

The results of animal experiments are quoted in detail. In general, carbon in various modi- 
fications is inert in different animals by dusting, intratracheal, intracorneal, and intraperitoneal 
injection, but graphite and diamond in intraperitoneal experiments have given collagenous 
notules similar to those given by quartz, Human experience is doubtful, as graphite pneu- 
moconiosis lungs, with one exception, also contain quartz and silicates, 

Although mineral dusts isolated from human lungs have been tested in animal experiments, 
this has not so far been done with coal dusts. 

The new formamide technique (Bull. Hyg. 30:237, 1955) of isolating lung dust is capable 
of producing such dusts, and four of them were tested intraperitoneally in mice (4 mg. per 
animal), the observations extending to one year after injection, One dust contained 30% 
quartz, with 60% mica and 10% coal; the other three were mainly coals with 0.5%-2% 
quartz and up to 10% of other silicates, s 

The development of the lesions is described in detail and illustrated by excellent micrographs 
The dust with 30% quartz led to typical silicotic nodules after 2 to 12 months. The lesions 
were further classified according to their size and location, and it is concluded that this dust 
shows the typical fibrogenic activity which is said to be unique for modifications of free silica 
and for kaolinite. 

The other three dusts showed mainly more or less dense deposits of coal dust which in 
the later stages showed some collagen development, but occasionally less coal and more mineral 
dust led to collagenous silicotic nodules, seen mainly in the dust with 2% of quartz. 

The author concludes that probably the quartz and the silicates diluted with coal still show 
certain silicogenic activity (formation of collagen) which may be enhanced by the blocking 
effect of the coal on lymphatic drainage. Experiments with coal dust isolated from human 
lungs and completely separated from mineral matter, which should support this conclusion, 
are said to be in progress 


G. Nacerscumipr Hye.] 


Tue PRevALENCE OF PNEUMOCONIOSIS AND TUBERCULOSIS AMONG EARTHENWARE TOWERS. 
E. Posner, Brit. J. Indust. Med. 13:1-5 (Jan.) 1956 


Towers are described as workers who smooth the edges and surfaces of plates, dishes, 
saucers, etc., while these articles are in the unfired stage. The articles are so treated while 
spinning on a rapidly rotating wheel. In the American ceramic industry the process is called 
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“fettling” or “finishing.” The dust from this process comes primarily from clays, although 
free silica is also present. 

In a study of 457 earthenware towers radiologically manifest pneumoconiosis was found, 
particularly after 20 or more years of work. Among women with more than 40 years’ exposure, 
over 30% were found to be affected. The morbidity rate of radiologically manifest pneumo- 
coniosis was two to five times higher among towers with over 20 years’ work than it was 
among other female earthenware workers who had worked a similar period of time. 

Active pulmonary tuberculosis was found to have a rate among the towers which was 
twice that found among other women clay workers and which was six times that found among 
women residents of the area not connected with the pottery industry 

A more satisfactory hood for ventilating towing work is described briefly. 


SHexrMan S. Pinto, Denver 


A Revort ON THE ABSENCE OF PNEUMOCONIOSIS AMONG WorKEeERS IN PURE LIMESTONE 
S. Bripce Davis and G. Nacertscu Mint, Brit, |. Indust. Med. 13:6-8 (Jan.) 1956 


Thorough clinical examinations and chest x-rays were made of 14 men who had been 
exposed to limestone dust for 12 to 35 years. Dust concentrations in the working areas were 
found to be in the order of 3000 particles per cubic centimeters of air for the size range 0.5 
to 54. The quartz percentage of the dust was extremely low, usually below 0.5%. No evi- 
dence of pneumoconiosis was found. 


SHexMan Pinto, Denver. 


FurtHer Stupies or tHE Dust LUNGS or Coat-Miners. E. |. Kine, B. A. Macuire, and 

G. Nacecscu mint, Brit. J. Indust. Med. 13:9-23 (Jan.) 1956 

In this continuation of a study started previously, the lungs of 15 miners exposed io silica 
dust and of 71 more coal workers were analyzed for the dust each contained. The per cent of 
coal in the lung dust was highest for colliers, less for haulers, and lowest for rock workers, 
tin miners, and granite workers. The percentage of quartz in the siliceous fraction of the lung 
dust rose slightly for each group, with colliers having the lowest and granite workers the 
highest. 

On an average, the colliers’ lungs contained 35 gm. of total dust, of which 0.9 gm. was 
quartz. The tin miners had 4 gm. of total dust, of which 0.7 gm. was quartz. It is estimated 
that the average collier retained about 1 gm. of dust per year. 

The lungs were graded for pathology on a basis of 1 to 5, the pathology ranging from 
slight reticulation to silicotic nodulation. The amount of dust in the lungs was found to 
increase with increasing severity of the pathological picture 

Silicotic tin miners and colliers with pneumoconiosis were found to have relatively similar 
absolute amounts of quartz dust in their lungs. However, rock workers in the coal mines 
had three times as much quartz in their lungs as was found in the silicotic tin miners 


The authors conclude that both total dust and quartz contribute to the pneumoconiosis of 
coal workers. 


S. Prnto, Denver 


Carpiac HyperTROPHY IN COALWORKER’S PNEUMOCONIOSIS 
brit. J. Indust. Med. 13:24-29 (Jan.) 1956 


W 


James and A. J. THomas, 

In 1000 necropsies on coal workers, 454 were found to have massive pulmonary fibrosis 
Right ventricular hypertrophy was found frequently in massive fibrosis, and the lesion was 
thought to develop primarily from a progressive stenosing arteriolar lesion restricting the 
pulmonary vascular bed. 

Simple pneumoconiosis was found in 546 cases, but only 15 of them showed right ventricular 
hypertrophy. Bronchiolitis and emphysema were thought to be significant factors in producing 
the right ventricular hypertrophy noted in these 15 cases 

Right ventricular hypertrophy was said to be present if (1) the right ventricular wall 
measured 5 mm. or more in thickness, (2) the ratio of the left ventricle to right ventricular 


weight was less than 1.46, or (3) the electrocardiogram showed certain changes described in 
some detail. It was found the electrocardiogram does not identify the early right ventricular 
hypertrophy, although it does detect such hypertrophy when it reaches a marked degree and 
before heart failure appears. 


S. Pinto, Denver 


277 


A. M.A 


ARCHIVES OF INDUSTRIAL HEALTH 


Tue Action or VARIABLE Amounts or AND OF TripyMite ComBINED COAL 
on THE LuNGs or Rats. D. Arrycarie, E. J. Kine, C. V. Harrison, and G. Nace.- 
scu Brit. J. Indust. Med. 13:41-50 (Jan.) 1956 


Pure tridymite dust samples of equal particle size were injected into the lungs of rats. 
Maximum fibrosis was produced in 300 days by a 12.5 mg. dose, in 70 days with a 25 mg. 
dose, and in 50 days with a 50 mg. dose. The 12.5 mg. dose of tridymite produced lesions in 
300 days which were similar to the lesions reduced 50 mg. quartz in a slightly shorter 
time 


The larger doses of tridymite produced a more rapid and larger total of fibrous tissue than 
did the smaller doses. Fibrous tissue was estimated by analysis of the collagen present. 

Anthracite and bituminous coal dust alone did not produce lung fibrosis, nor did 1 mg. 
doses of tridymite. Thirty milligram doses of anthracite or bituminous coal plus a one 
milligram dose of tridymite produced Grade 2 fibrosis. It is suggested that the inert coal 
retards the movement of tridymite in the lymphatics, causing it to be retained in the lungs 
where it exerts a fibrogenic effect. 


SuHerMAan S. Pinto, Denver. 


DexMATITIS FROM MANSONIA Woop, L. B. Bourne, Brit. J. Indust. Med. 13:55-58 ( Jan.) 
1956 


Mansonia wood is a tropical wood suitable for general carpentry uses. In the factory 
under study, the dust produced by fine sanding caused irritation in 7 out of 12 men so exposed 
The commonest symptoms were rhinitis, dermatitis, and localized edema of the affected areas. 
Removal from contact with the dust resulted in rapid healing of the lesions. No information 
as to the irritant responsible for the trouble is available, 


SuerMan §. Pinto, Denver. 


New Viewroinrs on PutmMonary CANceR IN Aspestos Workers. V. H. Bountic and G 


Jacos, Deutsche med. Wehnsehr. 81:231-233 (Feb. 17) 1956 

In commenting on whether the pulmonary carcinoma observed in asbestos workers differs 
from other forms of lung cancer, the authors point out that the following distinguishing 
factors have been attributed to the lung cancer that has been recognized as an occupational 
disease of asbestos workers: (1) increased incidence; (2) development at an early age; 
(3) dependence on duration of exposure to asbestos dust; (4) a latent period between onset 
of exposure and the appearance of the cancer; (5) the localization; (6) the histologic struc- 
ture, and (7) the multicentral origin 

The authors show that, contrary to the widely held belief that asbestos workers are in 
great danger of developing lung cancer, the incidence of cancer among these workers is not 
greater than it is in the general population, Only women workers in the asbestos industry 
have so far shown a greater predisposition to lung cancer than have other women. The 
incidence in women asbestos workers corresponds to the frequency of bronchial carcinoma in 
men. As regards the age of onset, the authors found that at least in men there was no 
difference between the age of onset of pulmonary carcinoma in asbestos workers and bronchial 
carcinoma in general, The duration of exposure to asbestos dust varies in literature reports 
between 19 months and 42 years, and the authors feel that such a wide span makes it difficult 
to estimate the importance of exposure without regard to the intensity of asbestos dust con- 
centration, The latent period averaged 23 years, which is the same as that of other carcinogenic 
factors. 

The localization of pulmonary carcinoma is different in asbestos ‘carcinoma; whereas the 
relative involvement of upper and lower lobes in ordinary bronchial cancer is in the ratio of 
2:1, asbestos cancer is characterized by a greater involvement of the lower lobes. 

With regard to the histologic structure, reports indicate that the squamous-celled epitheliomas 
and the adenocarcinomas, that is, the mature forms of carcinoma, predominate among the 
pulmonary carcinomas of asbestos workers, but these forms show the same or an even greater 
predominance among bronchial carcinomas in general. However, malignant growths of the 
pleura seem to occur more frequently in asbestos workers than in other persons. The multi- 
central development of pulmonary cancer is not restricted to asbestos workers but is observed 
also in workers exposed to cobalt and to chromates. 

Thus, except for the relatively greater involvement of the lower lobes, and the perhaps 
slightly greater incidence of the more mature forms of cancer, little remains of the supposed 
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distinguishing characteristics of the pulmonary cancers in asbestos workers. The greater 
incidence and the appearance at an earlier age in women raise interesting problems. 

The study of the pathogenesis is still in the stage of hypotheses, and the theory of mechanical 
pathogenesis is given most consideration at present. Inhaled asbestos needles supposedly are 


“fulled” into the interstices and constantly cause microtraumas, or they are transformed into 
asbestos bodies by deposits of protein-iron gels. These bodies are always found in the pul- 
monary cancers of asbestos workers, but the authors feel that this does not necessarily prove 
the aforementioned mechanical theory. They cite several factors that speak against a purely 
mechanical pathogenesis of asbestos cancer, but they also concedé that the development of 
so-called asbestos warts proves the irritating effect of asbestos on human tissues 


CRITERIA FOR THE DIAGNOSIS oF OccUPATIONAL ILLNESS. Indust. Med. 10:427-442 (Oct.) 1955 

This article is in four sections, each written by an expert in the field: 

1. Metals and Other Inorganic Substances—Robert A. Kehoe 
2. Solvents—John H. Foulger. 

3. Radiation—Roy E. Albert. 

4. Organic Materials—John A. Zopp Jr. 

1. This section is on the history of exposure to metals and other inorganic substances and 
examination of the patient. The need for good clinical investigation, using the chemical, micro- 
scopic, and x-ray facilities to their fullest extent, is stressed. A comprehensive background 
of physiological, toxicological, and clinical knowledge is essential to the examiner. 

2. This is a very interesting section on what the solvents are and the factors that make 
it difficult to say that a given solvent has caused a given condition. In addition to the usual 
clinical data, the conditions of exposure to solvents must be known. Theories governing com- 
pensation courts are discussed, as well as the new medicolegal situation 

3. Most types of radiation damage are nonspecific, and their finding rests heavily on the 
availability of accurate estimates of radiation exposure. Important to the operation of any 
process utilizing ionizing radiation is the establishment of rigid exposure controls, with care- 
ful documentation of duration and type of exposure 


4. There are no quick or easy criteria for the diagnosis of occupational disease due to 
organic materials. Only when the disease is full-blown is the diagnosis easy. Evaluation of 
the effect of organic materials on experimental animals will lead to a knowledge of what organs 
and systems are affected and to satisfactory control measures. Nonspecific criteria of stress 
to excessive exposure may be satisfactory 


Haze. Mipwoop, Boston 


HaAzarps IN THE MINING oF URANIUM Ores 
Med. lavoro 47 :21-24 (Jan.) 1956 


Uranium ore miners are exposed primarily to a silicosis hazard because of the high quartz 
content of the mineral gangue. 


M. Barsortt and L. PARMPGGIANI, 


The radioactivity of uranium can induce lesions due to inhalation of radon or to inhalation 
or ingestion of radioactive particles. The external radiation due to gamma rays seems less 
important in the mine surveyed by the authors. Artificial ventilation of the mining fields is 
the fundamental method to protect the miners both from silicosis and from radioactivity 
hazards. The industrial physician, nevertheless, must take a variety of measures that are 
discussed in detail. The authors report the results of their clinical and environmental control 
of a uranium mine that has been active for four years 


FROM THE AUTHORS’ SUMMARY 


CARCINOMA oF THE LuNGS Causep By CHromMates: AN Occupational Disease. H. Rene K, 
Medizinische No. 10, 342-345 (March 10) 1956 


Since 1936 primary bronchial carcinoma has been recognized by the German accident 
insurance laws as a compensable occupational disease of workmen employed with industrial 
plants in which chromates or chromium dyes are produced and in which chromium is used 
for the production of various goods. Compensation has been granted because of the high 
incidence of carcinoma of the lungs among these workers. Two cases of bronchial carcinoma 
are described in a 54-year-old man, who for 30 years had been employed in the leaching and 
crystallization departments of a chromate producing plant, and in a 55-year-old foreman, 


who for 19 years had been working in a bichromate plant. Eight and three months, respectively, 
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elapsed after the onset of the first symptoms in the two patients until the diagnosis was made. 

The clinical and roentgenologic aspects of bronchial carcinoma, which is caused by the 
continued inhalation for many years of chromate dust and chromate vapors, show several 
peculiarities, Irritative cough and hemoptysis are not of diagnostic value as warning symptoms 
in chromate workers, since these men may have severe chronic bronchitis for many years 
before the development of carcinoma. Sibilant rales, bronchial bronchi, and dyspnea, with 
reduced vital capacity and reduced respiratory threshold value and with changes of breathing 
time quotient, are relatively early manifestations of functional disturbances and are caused 
by chromate pneumoconiosis associated with interstitial fibrosis and emphysema. The chromate 
dust lung, however, is a disease process of its own and independent of the development of 
carcinoma, but the resulting dyspnea can hardly be differentiated from one caused by stenosis 
or occlusion atelectasis. Pain during respiration may be caused by pleural metastasis as well as 
by pneumoconiosis associated with bronchiectasis, and, therefore, it is not of aid in the diagnosis 
of carcinoma caused by chromates. Pneumoconiosis and pulmonary fibrosis induce symmetrical 
increase and densification of both the hili with increased perihilar shadows. The hili may 
appear very large because of secondary pulmonary emphysema, and they may mask easily a 
small carcinomatous infiltration of the small cell type which frequently develops adjacent to 
the hilus and which may occur in two-thirds of the cases. Thus early diagnosis may be 
difficult and often even impossible. 

Prophylaxis, therefore, is essential in the campaign against carcinoma. The introduction 
of rotary kilns and rotary filters and of modern dust exhaustion apparatus and the supply of 
respirators to the workers have partly reduced the risk to which they are exposed. Persons 
with a history of respiratory, gastrointestinal, or renal diseases are excluded from employ- 
ment in chromate plants. Syncarcinogenesis by tobacco derivatives may be prevented by pro- 
hibiting smoking in the plants. Periodical clinical examinations and periodical urinary 
analyses are imperative. Large amounts of chromate may be excreted in the urine when 
considerable amounts of chromate dust are inhaled and when chromate is absorbed through 
cutaneous injuries. Determination of chromate levels of more than 10y per 100 cc. in the 
blood indicates a disturbance of normal excretion of chromate. Periodical chest roentgeno- 
grams should be made every three months. 


INDUSTRIAL DeRMATITIS FROM THE STANDPOINT OF A MepicaL Director. D, J. Laver, Penn 
sylvania M. J. 59:25 (Jan.) 1956 


It has been reported that industrial dermatoses constitute two-thirds of the occupational 
disease incidence in the United States and that they are about seven times as frequent in 
synthetic resin and chemical and dye manufacture as in steel or glass manufacture. 

New plants, especially those that make or will use irritant chemicals, should be so de- 
signed that skin contacts of the workers with the chemicals are avoided by enclosed processes 
Noxious fumes and dusts should be ventilated at their source. Highly irritant liquids should be 
brought into the plant in sealed tank cars or drums, pumped out by closed system to storage 
tanks, and pumped by closed system into the reactor vessels. 

Environmental cleanliness is an important factor in prevention. Furthermore, workmen 
should be encouraged to use the facilities of the health services if a skin problem is beginning 
to develop. In this way investigations can be started early, and an outbreak can be prevented 
or brought under control. Then, too, by reporting early evidences of skin difficulties to the 
plant dispensary, the aggravations and sequelae that are frequently brought on by self-treat- 
ment and overtreatment are avoided. Often the complications are worse than the original 
disease. A dermatitis problem may be chailenging to the industrial physician, for it may lead 
into fields often far removed from medicine 

The cooperation of the dermatologist may be of advantage in solving these problems 
Consultation with the dermatologist is much more satisfactory and fruitful if it is sought 
early, before any prolonged or varied treatment is undertaken, and especially if there is some 
doubt as to the diagnosis, etiology, or treatment. The author cites a case in which the wash- 
rooms proved to contain the offending substance in the form of a hand cleaner 

New applicants for work in plants where there are well-known skin hazards should be care- 
fully examined for preexisting skin diseases. The applicant should be required to remove all 
clothing, including shoes and stockings. Any skin disease should be noted Questions should 
be asked pertaining to childhood eczema, previous attacks of contact dermatitis, and food or 
drug allergies. Those workers with very dry skins, those who have skin diseases, and those 
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with allergic backgrounds are poor risks in jobs where there are well-known dermatologic 
hazards 

Preplacement patch tests with substances encountered in the occupation have been advocated, 
but the author does not subscribe to routine preplacement patch testing, because if the worker 
has never come into contact with those substances, he cannot have acquired an allergy to them 
If he has had previous contact with them, careful questioning should elicit his hypersensitive 
ness. Patch tests may give negative results but will not foretell whether the person will be- 
come sensitized to this substance. 


OCCUPATIONAL Factors IN THE INCIDENCE OF Broncuitis: A Survey or EMPLOYEES IN A 


Gas UNpbertAKING. J. Grecory, Tr. A. Indust. M. Off. 5:2-9 (April) 1955 

It was observed that employees of the (British) West Midlands Gas Board had a high 
absence rate due to bronchitis and that the incidence was higher among those men working at 
the gas works than it was among those employed on the district as fitters, meter readers, mains 
and service layers, etc. This difference was found to be particularly evident at the Dudley, 
Worcestershire, undertaking, where it was decided to carry out an investigation of chronic chest 
conditions 

The survey was confined to men of 20 years and over, and of the 217 who were invited 
to attend for interview and examination 168 did so; some records were available on the other 
49. The conditions which were particularly looked for were those which were considered to 
represent what might be classified as a “bronchitis group,” namely, chronic bronchitis and 
chronic cough. It was found that the incidence of these among the gas works men (17.9 per 
100) was nearly three times as great as among the district men (6.3 per 100), but the district 
men were a younger group 

With only one or two exceptions, all the men interviewed lived within Dudley itself, or 
within the urban areas to the west and southwest, and attention is drawn to the fact that in 
Dudley air pollution is not considered to be a great or major factor in public health adminis- 
tration 

All the men came under Social Classes 3, 4, and 5, with the majority in Class 4, and there 
appeared to be no variation in incidence throughout these classes 

A striking difference was noticed in the type of worker smoking more than 20 cigarettes 
a day, in that twice as many gas works men (34%) as district men (16.1%) smoked this 
amount, and of the men in the works, those on the dustier or hotter jobs appeared to be the 
heavy smokers 

Three principal occupational factors, namely, dust, temperature and humidity, and gases 
and fumes, are all present in varying degrees in the gas industry, mainly at the gas works. 
The results of the investigation suggest that the important occupational factor is dust 

Many tables illustrate the text 

The findings are discussed in the light of evidence produced from reports by other investi 
gators. It is suggested that a similar survey to this one, but on a much larger scale, within the 
gas industry, might throw valuable light on the part played by occupational factors in the 
incidence of chronic bronchitis. Such a survey should include adequate dust counts, deter 


mination of carbon monoxide and other gas concentrations, estimations of temperature and 
humidity, ete 


Butt. Hye 


Industrial Toxicology 


On Dermatitis Causep By Syntuetic Resins. V. Preiva, Acta allergol. &:62-69, 1955 

An outbreak of 37 cases of dermatitis due to a synthetic resin “Asplit” among 130 tiling 
workers in a sulfite cellulose plant is reported. About 600 workdays were lost. In most cases 
the patch tests were positive with “Asplit” and another resin of phenol formaldehyde type 
The exposure period before the onset of the dermatitis was usually two to four weeks. Finally, 
the value of patch tests in the diagnosis and prevention of plastic dermatitis is discussed 


LONG-TERM OBSERVATION OF CHRONIC BENZENE POISONING 


K. Reysex and Marie ReysKkova, 
Acta med. scandinav. 152:71-78 (July 29) 1955 
Since 1931 the authors have examined 4,538 workers exposed to benzene fumes; 10 of them 


experienced benzene toxemia. These 10 were watched for long periods after the benzene ex- 


posure had ceased. The condition of the marrow was examined by the pyrifer test. Pyrifer 
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is the name given to a suspension of killed nonpathogenic strains of Escherichia coli, which 
when injected intravenously produce pyrexia. The pyrifer test in cases of marrow inhibition, 
as in x-ray and radium exposure and benzene toxemia, affects the leucocyte curve. It is flat, 
whereas in normal healthy persons it is steep and rises to values from 12,000 to 20,000 leu- 
cocytes per cubic millimeter. Figures are given to show this manifestation. The exposure 
to benzene in all 10 cases was proved (the concentrations are not stated). The patients ex- 
hibited serious hematological changes, and eight were positive to the pyrifer test. Benzene was 
found in their blood and urine. One died, and one was cured. The others seemed clinically 
well but showed changes in the peripheral blood picture, with different types of neutropenia 
The ultimate prognosis for these patients, if no longer exposed to benzene, appears to be good 
under modern therapy. 


E. L. Collis [Bull. Hyg. ]. 


THe DererMination or Mercury in Urine: Since Extraction Meruop. Evan FE. Camp- 

pet and Bitrye Marie Heap, Am. Indust. Hyg. A. Quart. 16:275 (Dec.) 1955 

This article presents a simple method and an oxidation technique for urine applicable to 
the single extraction method for mercury. The oxidation is accomplished by refluxing with 
potassium permanganate and sulfuric acid. Careful pH control and the use of Sodium Verse- 
nate eliminate bismuth and copper interference below 1 mg. The addition of potassium thiocya- 
nate prevents gold and silver interference. The buffered dithizone extraction method is then 
followed, and mercury concentration determined spectrophotometrically. The accuracy of the 
method is 94.2+4.82%, based on the analysis of 75 “spiked” urine samples taken from pooled 
urine, The published ashing techniques are reviewed in conjunction with the single extrac- 
tion method. 


Davin M. Boston 
Comparative Toxicrry or Boranes. Grorce J, Levinskas, Am. Indust. Hyg. A. Quart. 
16:280 (Dec.) 1955. 

Toxicity data on rats are reported for dimethylamine borane, pyridine borane, and tri- 
methylamine borane. Dosage was by intraperitoneal injection. Weight basis L. D.so data indi- 
cate toxicity in the order given. Recalculation of data in terms of milligrams of boron per 
kilogram places the L. D.so data into two groups suggesting that all boron compounds do not 
have the same mechanism of toxicity. Other available toxicity data for parenteral, oral, and 
inhalation dosages are classified in the same system. They include BeHs, BsH», BiH in ad- 
dition to the amine boranes. 


Davin M. Anperson, Boston. 


Leap in Bioop: A Rapip Metruop ror SpecrrocHeMicAL ANALYSIS. KATHLEEN KUMLER and 

Tuomas P. Scurermer, Am. Indust. Hyg. A. Quart. 16:296 (Dec.) 1955. 

By this method 30 to 40 blood samples can be analyzed by one person in one day by cutting 
the sample preparation time in half and reducing the spectral background to the point where 
its measurement is unnecessary. Bismuth is the internal standard at 0.2 mg. Bi for 20.0 gm 
blood samples containing 0.004 to 0.040 mg. Pb 

Sample preparation time is cut by using only partially oxidized blood; mixed acid (cone 
H,SO,:HNO, at 1:20) is heated with the blood-bismuth mixture for 15 minutes. The spectral 
background is reduced by using a narrow (10m) entrance slit, by preburning the electrodes at 
10 amp. for 10 seconds, and by using nitrogen in the analytical gap which stabilizes the arc 
and improves the intensity of the analytical lines. After “drying” the sample on the hot 
electrode, it is arced for 10 seconds, and the procedure is repeated for a second test drop. The 
lead 2833 and bismuth 2898 A. lines are read with a microphotometer, and the per cent trans- 
mission reduced to the lead-to-bismuth intensity ratio by means of an emulsion calibration 
curve (using four iron lines of known intensity for each plate). The amount of lead is then 
read directly from a standard intensity ratio-concentration curve. 

The aceuracy of the method as determined from 300 duplicate chemical analyses is 97.5% 
of samples within +0.02 mg. Pb per 100 gm. blood 


Davin M. ANnperson, Boston 
Skin Testinc or Compounps; Devetopment or PoL_yvALent SeNsITivity 
E. Von HaAam and F. S. Matierre, Am. Indust. Hyg. A. Quart. 16:324 (Dec.) 1955 
Conflicting results of “prophetic” patch tests with two plasticizers obtained by the authors 


and by a separate group led to a series of investigations which demonstrated the cause of the 
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discrepancy. The technique, that of Schwartz in “Industrial Hygiene and Toxicology,” edited 
by Patty, was the same for both groups. The patch was applied to the skin of the back of 
between 15 and 20 volunteers, and the reaction read after 48 hours and then from 3 to 7 days 
later. The accepted qualitative scale of four classifications—erythema, raised erythema, 
vesiculation, and maceration—was used. The sensitizing properties were determined similarly 
by tests two weeks later with the use of nonirritating concentrations. Indices of irritancy 
and sensitivity were computed by multiplying the degrees of reaction with the number of 
persons showing them and dividing by the number of persons tested. Indices greater than 0.5 
are considered irritating or sensitizing, the degree increasing with the index 

Retesting of the plasticizers confirmed the conflicting results. The only difference in the 
tests was in the subjects, the former having been repeated volunteers, the new volunteers having 
never been used as test subjects. Experiments on the two groups (10 in each) with six new 
substances showed that new subjects reacted only slightly but old subjects reacted severely 
A second experiment demonstrated that skin irritability could be increased quickly in a group 
of 10 new subjects by subjecting them to repeated patch tests over a short period of time 
(four weeks). This altered skin irritability was nonspecific and was demonstrated with un- 
related nonsensitizing compounds 


Consequently the authors consider their previously published results with 90 irritating 
compounds as probably erroneous and are retesting all those showing positive reactions on 
subjects who have never been patch tested before 


Davin M. Anperson, Boston 


Contact Dermatitis Due To NickeL AND CHROMATE: OsSeRVATIONS ON DekMAL DeLayep 
(Tupercutin-Type) Sensitivity. S. Ersters, A. M.A. Arch, Dermat. 73:236 (March) 
1956 

Thirty-four patients with dermatitis caused by contact with nickel and eighteen patients 
with dermatitis caused by contact with chromate were subjected to patch and intradermal tests 

Patch tests were done with a 10% solution of nickel sulfate and with a 1% aqueous solution 

of potassium dichromate. Intradermal tests were performed with 0.02 to 0.05 cc. of a 1:40,000 

dilution or with 0.05 cc. of a 1:10,000 dilution of nickel sulfate, and with 0.05 cc. of a 

1:100,000 dilution of potassium dichromate. Results showed that dermal delayed (tuberculin- 

type) sensitivity plays a far more important role in contact dermatitis from nickel and chro- 

mates than heretofore assumed. 


A biopsy section taken 36 hours after intradermal injection of nickel sulfate showed mostly 
a normal epidermis. There were edema and slight cellular infiltration of the papillary layer, and 
dense perivascular infiltrates of the corium. Microscopic examination of a biopsy section done 
48 hours after the intradermal test showed a dense leucocytic infiltrate in the upper corium 
simulating a small abscess or circumscribed cellulitis. The epidermis above this area was 
somewhat acanthotic and contained fairly numerous mitoses. Microscopic examination of 
biopsy sections taken six days after an intradermal test with potassium dichromate showed a 
strictly perivascular, densely packed infiltrate in the papillae, the subpapillary layer, and the 
middle corium. The epidermis was almost normal but was invaded by the same type of cell, 
a large lymphocyte or similar mononuclear type. There were occasional very large hyper- 
chromatic nuclei. The similarity of this reaction to what one might see in lymphoblastoma was 
strong 


Some of the patients tested had contact dermatitis, with reactivity to intradermal injections 
of metals but without reactivity to patch tests, which proves that some cases of contact derma- 
titis are based solely on dermal delayed sensitivity. Cross sensitivity between nickel and 
copper is reported 


The recognition of dermal delayed (tuberculin-type) sensitivity in contact dermatitis seems 
to be of more theoretical than practical interest. It appears that the skin has a double allergic 
coat, part being located in the epithelium and part in the corium, more or less independent 
of each other. In contact dermatitis both may be affected, or only either one. This dermal 
sensitivity may partially explain the prolonged course in certain cases of contact dermatitis 
from metals, as well as in ragweed dermatitis or arsphenamine dermatitis. Dermal sensitivity 
may also help to explain certain features of localized dermatitis and the phenomenon of 
so-called localized sensitivity. 
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TOXICOLOGICAL INVESTIGATIONS ON DiMeTHYLFORMAMIDE. W. MASSMANN, Brit. J 


Indust. 
Med. 13:51-54 (Jan.) 1956 


Dimethylformamide is the solvent used when spinning the polymer polyacrylonitrile for 
the production of “orlon” fiber. It is moderately toxic to rats, mice, rabbits, and cats with an 
L. Die of 0.14 to 0.37 ml/100 gm. body weight for rats, the variation in dosage being due 
to route administration. After such a single dose death occurred up to 12 days, and liver 
damage was the most prominent feature. Slighter kidney damage was also found. Dimethyl- 
formamide can be absorbed through the intact skin of the rat, and some is excreted unchanged 
in the urine 


Rats were unaffected by inhalation of concentrations up to 420 ppm, while cats were upset 
by concentrations of 100 ppm 


SHERMAN S. Pinto, Denver 


On tHe Nature or THE EczeMaAtocentic AGent IN or Turpentine: I. 
V. and FE. Strtanen, Dermatologica 110:144-155, 1955. 


In experiments with oil of turpentine and a-pinene it was first shown, as other authors 
have done, that only the oxidation products and not the pure terpenes are eczematogenic. The 
formation of the eczematogenic agent, however, could be prevented by adding to a-pinene 
anticatalysts, such as hydroquinone and pyrogallol. With vacuum distillation it was possible to 
concentrate practically all the eczematogenic agent in the distillation residue. Furthermore, 
comparison of the results of skin tests with those of iodometric titration revealed an approxi- 
mately equal concentration of the eczematogenic agent and a-pinene peroxide in the distillation 
residue. The results of skin tests and iodometric titrations with heated samples of autoxidized 
a-pinene and of its vacuum distillation residue suggested that the eczematogenic agent of 
a-pinene is either peroxide or at least closely related to it. 


A\nsentc Trioxipe. Chemical Safety Data Sheet SD-60, Manufacturing Chemists’ Association, 
Inc., Washington, D. C., 1956 
Arsenic trioxide is a poison. Poisoning may result from swallowing, from breathing as a 
dust, or possibly by absorption through the skin. 

Employees should be thoroughly instructed in the hazards present in the handling of 
arsenic trioxide or preparations containing it and in the precautions which should be observed. 
Some of these precautions are as follows: 

Avoid breathing arsenic trioxide dust or mist. 

Avoid any unnecessary contact with arsenic or solutions containing it 

Wear clothing which protects all body areas as much as possible. Change clothing fre- 
quently enough to avoid serious contamination. 

Wash hands and face before eating, and take a shower bath at the end of the day's work. 

Never store or eat food where it may be contaminated by arsenic trioxide 

Use protective equipment when indicated. 

Know the location of safety showers 


Report any unusual symptoms or illness or skin condition to the plant medical service 


with Patrcu Tests iN OccuraTionaL DerMarotocy. F 


Gianorti, C. L. 
Menecuint, and L. Davovo, Med. lavoro 47 :25-30 (Jan.) 1956 


Patch tests, performed in 105 cases of occupational eczematous dermatitis, led to the 
following conclusions : 

1, The highest incidence of occupational dermatoses is observed in cement and lime 
workers (approximately 85% positive tests with 0.5% potassium bichromate). Next follow 
the workers exposed to solvents (positive tests particularly with turpentine), detergents, syn- 
thetic resins, plastics, etc 


2. The authors’ findings demonstrate the importance of solvents as causal factors. They can 


act not only as primary irritants but also as sensitizers or as factors preparing a future 
sensitization of the subject toward other substances by means of biochemical changes in the 
epicutaneous acid layer, 

3. The sensitivity of the skin to a given substance seems to be of the same intensity also 
in areas of the skin not coming in direct contact with substance 

4. There is a decrease in neutralizing power of the skin for alkalies and acids, particularly 
in persons who are highly sensitized to the occupational agent. 
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5. In order to stress the specificity of the patch tests, the authors performed a series of 
tests with substances used as diagnostic tools in occupational dermatology. These substances 
were applied to the skin of 30 children with atopic eczema; no erythemato-vascular reaction 
was observed 


From rue AuTHoRS’ SUMMARY 


THE VESTIBULAR CHRONAXIES IN EXPERIMENTAL CHRONIC CARBON MONOXIDE POISONING IN 
rHeE Rapeir:; ComMparison with CHRonic Potsoninc IN Man. G. Bourcuicon, R 
Truwmaut, and M. Dakok, Rev. path. comp. No. 670, 1057-1064, 1955 

The authors studied chronic carbon monoxide poisoning in rabbits under conditions com- 
parable in terms of concentration, hours of daily exposure, and number of days of exposure 
per week to exposures found in industry. They observed simultaneously the development of 
vestibular chronaxies and the levels of carbon monoxide hemoglobin. These were comparable 
with those described for man. The vestibular chronaxies of the right ear were augmented to 

a greater extent. It was observed that after a time acclimatization to the gas developed, 

including a lowering of the vestibular chronaxies. In all cases the simultaneous increase in 

carbon monoxide content of the blood and the electrophysiologic syndrome with impairment 
of equilibrium observed in animals as well as in man tend to demonstrate the existence of 
chronic carbon monoxide poisoning 


R. Truwaut, Paris 


Medicine and Surgery 


GUIDING PRINCIPLES FOR THE ORGANIZATION OF OCCUPATIONAL MepicaAL Services IN PLACES 
or EMpLoyMENT. R. BartHe, CHAIRMAN OF THE INTERNATIONAL LABOUR CONFERENCE'S 
Mepicat Com™irrer. International Labour Office, Geneva, 1955 
A committee of 10 experts from various countries prepared a short pamphlet which out 

lines the principles but regrettably sticks close to generalities on which agreement and accept- 


ance are to be expected 


Puicie Denker, Boston 


Determination of Air-Borne Contaminants 


SAMPLING AND ANALysIs oF INDUSTRIAL Process Dust. Kart Westiin and Lawrence J 

Czerwonka, Am, Indust. Hyg. A. Quart. 16:283 (Dec.) 1955. 

A dust sampling method is described which is supposed to be effectively 100% efficient on 
all optically visible dusts under conditions of extreme heat and/or moisture at low air-flow 
resistance. Type AA fiber-glass media (0.00004 in. nominal fiber diameter, 0.6 Ib. per cubic 
foot average density, 4% in. pad thickness) is reported as nearly 90% efficient by stain and 
nearly 100% efficient by weight on atmospheric dust at 40-50 f. p. m. face velocity. A simple 
box arrangement houses the filters, and a bent-tube sampling probe is used. Sampling is done 
isokinetically after pilot-static velocity measurements of the test dust are made. A null-balance- 
type sampling probe is used in fluctuating velocity gas streams. Flow is metered downstream 
of the filter by a flat-plate orifice 

Dust analysis on samples of 5 gm. minimum weight consists of washing the filter pads with 
a distilled water spray. Particles greater than 325 mesh are sieved off, and the remainder 
are suspended and mixed with the glass fibers of the filter with a blender. The glass fibers 
are siphoned off after a short sedimentation period, and the remaining dust dried. The particles 
of sieve size (> 325 mesh) are classified by dry sieving. All dust is now combined, resus- 
pended (with dispersing agents if necessary), and analyzed by the Andreasen pipette method 

The most obvious drawback to this method is the probable altering of size distribution of 
the original suspended aerosol. Not only will agglomerates be broken up, but particle fractur- 
ing of friable dusts is certain to occur in the remixing and blending processes 


Davin M. Anperson, Boston 


A Unique Wer Cotvector ror Licgutweicut Accrecare Dustrs. Harry Serrerr and 
Jutius H. Fanney Jr., Am. Indust. Hyg. A. Quart. 16:301 (Dec.) 1955. 
Lightweight aggregate is produced by the expansion, sintering, and recrushing of crushed 


weathered slate, shale, or slack. The main operation takes place in horizontal rotary kilns at 
2000 F 
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A plant, which produces about 25% of the lightweight aggregate material used in this 
country, uses six kilns, with a total effluent of 50,000 c.f.m. at 400 to 500 F. The effluent 


has contained as much as 17 grains of dust per cubic foot and a total of 6900 lb. of sulfuric 
acid for 24-hour operation 


A nuisance problem from this effluent existed in a residential area 
one mile from the plant, and the company therefore installed air cleaning equipment of the 
centrifugal and then inertial wet type. The former was not satisfactory. The 
efficient but failed owing to abrasion. 


latter was 


The company finally installed equipment of its own design—a rectangular structure, 15 ft. 
wide by 15 ft. high, constructed of coated heat-and-acid-resistant 3 in. by 12 in. fir planks with 
au 18 in. concrete floor. Baffles were placed at 6 to & ft. intervals, with fog sprays at the top 
and fan-shaped sprays at the sides of the unit 


A total of 150 nozzles were supplied with 325 
gal. of stream water per minute at 40 p. s. i 


gz. The effluent was now reduced to 0 34 grains 
of 1.0u to 2.0% dust per cubic foot of gas at 120 F and an SO, content of 58 ppm. The latter 
was well enough dispersed by a 15 ft. stack to have no effect on surrounding vegetation. The 
collector was self-cleaning, the waste water (pH 3.5) running from a central drain to a 
settling basin and then 200 ft. through the soil back to the stream. The wooden construction 
was not affected by the acid gases after 18 months of continuous operation, but the concrete 


foundation required repairs. All complaints from the surrounding area stopped after installa- 
tion of this equipment, 


Davin M. ANperson, Boston 


STANDARD Procepures ror AssessinG Averace Daity Arr ConTAMINANT Exposures. PAu 
B. Kievin and B. Harris, Report NYO-4644, New York Operations Office, 
Health and Safety Laboratory, Atomic Energy Commission, May 2, 1955 
A procedure is presented for rapidly and efficiently evaluating average occupational ex- 

posures to hazardous environmental factors 


This procedure has been used for several years 
and has been proved both effective and accurate 


Typical examples of dust-exposure evalua- 
tion are presented, with forms suitable for collecting and recording data. Methods and calcula- 
tions are discussed 


Nucrear Sc. Apst 


AnsorPTion oF (Quartz Crystals IN THE LUNGS or Rats Onserven Durinc THe Lire or 

rue ANIMAL. M. NorpMann, H. J. Lostisu, and W. Kocu, Beitr. Silikose-Forsch. No 

34, 1-16, 1955. 

This is an interim report continuing the previous in vivo observations of the authors on 
absorption of dust in the mesentery of rabbits (Bull. Hyq. 30:237, 1955) 

A portion near the pleura of the right upper lobe of a rat's lung was observed micro- 
scopically during forced respiration produced from an artificial lung via mouth and trachea 

The dust was added to the inspired air, or animals were observed which had been kept in 
a dusting chamber a few hours to several days before the experiment. The observations were 
made with polarized transmitted light, so that the quartz particles could be recognized by their 
double refraction. The observations were followed, after killing the animals, by normal his- 


tological methods 

The technique is described in some detail. It is possible to see the alveoli, veins, and arteries 
and, at high magnification, the capillaries 

Results, when the dust was added to the inspired air, were meager, as quartz crystals were 
only very rarely seen. They moved about freely in the alveoli, but after three hours they were 
covered by layers of fibrin and leucocytes 

Better observations could be made when the animals had previously inhaled dust in dusting 
cabinets. Free quartz crystals could be distinguished from others which adhered to the alveolar 
When the lung tissue was damaged with a needle, far more crystals appeared to escape 
than had been seen previously during life. It seems that the amounts of quartz decrease from 
the hilar region toward the periphery. Within the alveolar wall tissue, some crystals could be 
seen free, while others were inside dust cells. 

The technique is said to be promising 


wall 


G. Nacecscumipt Hye. } 
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Tue Errect or Dirrerent Dusts on Certain Enzymes. H. BauMANN, Beitr. Silikose- 

Forsch. No. 35, 1-52, 1955 

In continuation of previous studies of the effect of quartz and ALPO, on amylase (Bull. 
Hyg. 29:824, 1954), the action of quartz, ALPO, with quartz structure, feldspar, iron carbonate, 
and coal on hyaluronidase and esterase and lipase is studied. The preparation of ALPO, in an 
autoclave and the fractionation and chemical analyses of the dusts are described. Particle size 
varied from lp to 10g 

The activity of hyaluronidase was measured from change of viscosity of hyaluronic acid, 
that of esterase and lipase by change of pH in buffer solutions after their action on methyl 
butyrate and glyceryl butyrate 

Results for hyaluronidase and lipase were similar: the amounts absorbed increased in the 
order feldspar, ALPO, quartz, coal, iron carbonate, except that lipase was more strongly 
absorbed by ALPO, As the specific surface of the dusts was not known, all work was done 
at constant weight concentrations 

Esterase results were variable with time, and this may be explained by assuming the 
existence of an inhibitor in the pancreatic extract “Pancreatin” used. The inhibitor appears 
to be strongly absorbed by quartz and perhaps to be decomposed. This would be the main 
effect, specific for quartz, found in the present work. 


G. Nacerscumipr Hye]. 


Tue Microscopica, IDENTIFICATION oF Quartz LuNG Dust. H. J. Epnpropr, Beitr. 

Silikose-Forsch. No. 36, 1-18, 1955 

The technique of dispersion staining by phase contrast is used for quartz estimation, but a 
resin is used instead of a liquid medium, as the author intends to use the method later on for 
lung tissue sections. The resin is made up of colophonium 92% and alcarin 8%, the mixture 
being dissolved in nitrobenzene. After drying, this mixture has a refractive index of 1.553 

It is possible to distinguish quartz from mica and kaolin by this method. Two lung dusts 
isolated by the formamide technique were examined. The first, a coal miner's lung residue, 
contained about 10% of noncoal particles and 2 out of 10 noncoal particles were quartz, the 
remainder being mica with some kaolin. The quartz was chiefly about lp in size. Estimation 
of quartz by the fluoroberic acid method gave 2.36% of quartz in the isolated lung dust, or 0.4% 
of dried lung. From the dried lung weight, it is estimated that the lung contained 777 mg. of 
quartz in 33 gm. of total dust 

Size distributions of the dust before and after ashing at 360 C are given. The ash was 
slightly finer than the total dust. 

Another lung residue of a silicotic sandstone worker consisted chiefly of calcium phosphate 
and carbonate, but contained 0.16% quartz as percentage of dried lung. The lung weighed 
335 gm., and this corresponds to nearly 500 mg. of quartz. 

G. Nacerscumipt Hye.]. 


A StTatisticAL EXAMINATION OF THE PerroRMANCE OF THE THERMAL Preciprrator. D. G. 
seADLE and J. E. Kerricn, J. Chem. Met. & Min. Soc. South Africa 56:219-233 (Dec.) 
1955. 

To determine the over-all random error in a single thermal precipitator measurement of a 
dust concentration, several experiments were performed to provide information on (1) the 
magnitude of the random errors in a single thermal precipitator measurement, (2) the sources 
of these errors, (3) the bias between different thermal precipitators, and (4) the bias between 
different microscopists. Although a specific type of dust was used, the same techniques can 
be used for determining the error when a different dust is tested 

One of the experiments involved repeated countings of the same traverse by a single 
observer to determine the effect of counting speed, the length of the time interval between 
successive counts, and the number of counts in a counting session on the dust count. The 
results indicate optimum values for maximum efficiency which would, of course, be different for 
each microscopist, bd 

Another experiment involved the determination of the number of particles that should be 
counted, so that the coefficient of variation will be limited to 5%. Prior to this experiment, at 
least 400 particles were counted in each sample. This experiment indicated that combined 
counting error and traverse error total about 6% if 200-250 particles are counted 

The major conclusion the authors arrive at is that the most of the 13% variation is 
associated with the method of examining the sample, the two largest contributors being the 
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“human error” random variation between different observers and an observer’s variation in 
counting the same traverse repeatedly. 
An appendix dealing with notes on the statistical methods used is attached to this article. 


E. V. Barry. Boston. 


SAMPLING ProcepuRES AND MEASURING Equipment. Air Pollution Abatement Manual, Chap 
6, Suppl. 1, Manufacturing Chemists Association, Inc., Washington, D. C., 1956 
This supplement brings in developments during 1951 to early 1954. It is well written and 
nicely illustrated. It shows particularly recorders and discusses their practical usefulness in 
indicating peak concentrations. A bibliography of 83 references is appended 


Putte Drinker, Boston. 


INVESTIGATIONS ON THE ExpLosion Hazarp or INpusteiaL Dusts. E. Wenner, Staub, 
Dusseldorf, No. 38, 571-582 (Dec. 15) 1954 
The paper reviews work done at the Experimental Coal Mine in Derne, Germany, during 
and after the last war. 


Dusts are classified into three groups: uniform, homogeneous materials which can be 
sublimated, such as naphthalene; metals, such as aluminum, and materials which decompose on 
heating with production of vapors, such as coal 

Size distribution, moisture content of materials, and lower limit of inflammatory in air 
are not considered to be very informative. Ash percentage also is only a limited use, but flash 
point determinations are informative. Apparatus for determining the temperature of ignition at 
slow heating rates is described. 

A new 40 liter bomb is described for coal-dust testing. The dust cloud is raised by com- 
pressed air blast, and ignition is initiated by photoflash after a constant small interval of time 
The rate of pressure rise is recorded and maximum pressure and maximum rate of pressure 
piling are determined. Numerical data for maximum rate of pressure rise are given for a 
number of different materials 


Finally, some experiments to measure electrostatic charges produced by friction of different 
powders in movement are briefly mentioned 


G. Hye. ] 


AN 


Automatic Dust SAMpLer Basen ON THE KonimMetrer Prencipce. J. A. SCHEDLING, 
Staub, Dusseldorf, No. 40, 237-240 (June 15) 1955 
This is a motor-driven konimeter which takes 30 separate dust samples at regular intervals, 
which can be varied from 4 to 60 minutes, giving total sampling times between 2 and 30 hours 
The dust spots are arranged on the circumference of a glass plate. The apparatus is said to be 
an improvement on the recording konimeter made by Zeiss, Jena, which produces a continuous 
dust trace 


Examples are given of results obtained with this instrument in a factory and in an animal 
dusting chamber 


G. NacerscuMipr [Butt Hye.] 


Dust SAMPLING wirh THE THERMAL Preciprrator with SpectaL Rererence To EvaLuation 
ny Exvecrron Microscory. W. WaALKennHorst, Staub, Diisseldorf, No. 40, 241-253 (June 
15) 1955 | 
A brief theoretical introduction leads to the conclusion that the thermal precipitator is very 

suitable for sampling respirable dust (below 5a) because its efficiency varies only a little with 

particle size and does not decrease for very small particles, and because the low sampling speed 
of 5-10 ml. of air per minute is not likely to alter the state of aggregation of the dust. As the 
thermal gradient in the zone produced by the standard hot-wire instrument is not homogeneous, 
the whole dust trace has to be scanned. This is laborious for electron microscopy, and an instru- 
ment using a lot tape which gives a uniform sample in the central region is preferable. Such 
ah instrument has been designed by the author, and it is briefly described. The technique in- 
troduced by Cartwright and Skidmore of using Formvar-coated cover glasses is used, and 
optical evaluation above 2y followed by electron microscopy for the smaller sizes is recom- 
mended. 

Pictures of rock-drilling dust and of an aerosol of calcium bicarbonate are given, and their 
size distribution is shown graphically. The electron microscope is said to be specially suitable 
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for aerosol studies, The lower limit of visibility is well below a few hundred A. units, but 
further practical work is required to establish what size the smallest particles are that can be 
seen. 


G. Nace_scuMipr [Butt 
Accidents and Their Prevention; Protective Equipment 


RapiaTion Hazarps IN FireriGutinc. Safety and Fire Protection Technical Bulletin 4, 

Report AECU 3100, Atomic Energy Commission, Washington, D. C., 1955. 

Safety and Fire Protection Technical Bulletins 1 to 3 are not available 

Fire-fighting techniques are discussed for use when radioactivity is a factor. It is pointed 
out that radiation should be neither feared nor ignored but should be regarded as another 
hazard to be taken in stride as a result of education and understanding 


Nuciear Sc. Apst 


A Survey or Dock Lasour Accipents IN THE Port or Lonpon. W. J. Suaw, Brit. J. Indust. 
Med. 13:59-69 (Jan.) 1956, 

This is a survey of 1909 accidents occurring to employees of the Port Authority during 
a period of one year—April, 1952, to March, 1953. During this period approximately 2000 
permanent laborers and an equal number of daily workers were employed 

Small seasonal peaks in minor accidents were found in summer and winter, but no marked 
fluctuation was found in the number of accidents reported for any day of the week. A steep 
rise in accident frequency was noted in the morning hours, with the peak being between 11 
a. m. and noon. During the afternoon the accident gradient was not quite so steep, with the 
peak being reached between 3 p. m. and 4 p. m. There was no increase in accidents during 
the winter hours of artificial lighting 

The workers employed by the day had somewhat fewer accidents than the permanently 
employed workers for the group under age 45. Over that age, the daily workers had more 
accidents. Under the age 45 both groups had a median length of absence of 20 days. Over 
age 45 the median length of absence for the permanent workers was 15.5 days, while that of 
the daily workers was 30.4 days. 

The handling of cases and crates contributed the largest number of accidents when acci- 
dents were analyzed by cargo handled. The hand-truck was the biggest contributor to the 
total number of accidents. Median length of absence was 26.75 days for hand-truck accidents. 
Accidents in which cranes were involved were severest, workers having a median absence of 
38.6 days. 


SHerMan S. Pinto, Denver 
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Books 


Psychology of Industrial Behavior. by Henry Clay Smith. Price, $6.00. Pp., 477. 
McGraw-Hill Book Company, Inc., 330 W. 42d St., New York 36, 1955. 
A new approach to industrial psychology has been developed in this book, and it should be 
of interest to executives, personnel managers, and industrial physicians. 


The problems of 
individuals are examined before those relating to groups 


Instead of starting out with the 
details of employee testing and selection, the first chapters deal with personal motivation, job 
satisfaction, and adjustment. Strikes are used as a point of departure to bring out the diverse 
viewpoints of management and labor and the psychologists’ contribution to understanding them 
The chapters relating to job anxiety and employee adjustments are clearly presented and 
informative. The parts dealing with fatigue and human engineering do not include the most 
recent advances in these fields. 

The next major section of the book is concerned with the complex problems of human 
relations. Group dynamics and the psychological aspects of supervision and business organiza- 
tion are thoroughly discussed. Many examples are chosen from industry to demonstrate the 
use of psychological techniques. A good discussion of union-management relationships completes 
this part of the book 

The author then describes and evaluates the methods of psychologists, how they work, and 
the expected results from their efforts in industry. The measurement of job satisfaction and 
productivity is confined to general principles. The chapter dealing with predicting success or 
failure by interviews and psychometric tests can be easily followed by nontechnical readers. 
The most advanced methods of training employees and supervisors are given in a useful form. 

The book is concluded with a comprehensive analysis of the conflicting problems of man- 
agement and the worker and the best solutions that modern psychology has to offer. The final 
chapter on “Problems and Solutions” might well be used by executives, medical officers, and 
personnel managers as a check list of the extent to which the most advanced procedures and 
points of view in modern psychology are being followed in their own companies 


Ross A. McFarianp. 
Atlas of General Surgery. By Joseph R. Wilder, M.D. Price, $13.50. Pp., 222, with 101 


plates. The C, V. Mosby Company, 3207 Washington Blvd., St. Louis 3, Mo., 1955. 
As indicated by the title, this book illustrates the operative techniques preferred by the 
author in the performance of a variety of procedures in the field of general surgery. With 
the exception of a few photographs, black-and-white line sketches are utilized to portray 
the step-by-step progress of each operative procedure. The text devotes itself to a brief 
introductory paragraph followed by a few important considerations pertinent to the operation in 
question, The remainder of the text consists of detailed explanations of each stage of the 
surgical procedure. Both the illustrations and the text are 


identified by corresponding 
numbers to permit ready cross reference 


This is further facilitated by arrangement of 
the related illustrations and text so that they appear on facing pages 

The majority of the operations in this atlas consist of cervical and intra-abdominal pro- 
cedures, Mastectomy, herriiorrhaphy, phlebotomy, phlebectomy, embolectomy, supracondylar 
amputation, and the general technique of nerve and tendon suture also are included 

Except for nephrectomy, adrenalectomy, and massage for cardiac arrest, urologic and intra- 
thoracic surgical procedures are omitted 


This should be a helpful reference manual for students, surgical internes, and surgical 
residents 


Grorce F. Witkins, M. D 

The Determination of Toxic Substances in Air: A Manual of I. C. I. Practice. 
Strafford, C. R. N. Strouts, and W. V. Stubbings. 
Heffer & Sons, Ltd., Cambridge, England, 1956. 


This volume describes the actual procedures used in air analysis by the chemists of 
Imperial Chemical Industries, Ltd 


By N. 
Price, 35/— net. Pp. 226. W 


Such a book is always interesting and frequently more 
valuable than a more ambitious compilation of methods reported in the literature 


The introduction contains sections on sampling, preparing of reagents, and expression 
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of results. The hand pump and a special aspirator bottle are described in some detail, The 
single jet absorber (a modified midget impinger) is the favorite sampling device, with the 
air-lift impinger used when unusually high rates of sampling are needed 

Actual procedures are given for determination of 49 substances, or groups of substances, 
in the air. As might be expected, the emphasis is on gases, vapors, and organic compounds, 
with lead, mercury, and chromate the only materials discussed which are not in one of these 
categories. Several of the methods are based on the quick tests previously published by the 
Department of Scientific and Industrial Research. Several modifications of the Fujiwara 
reaction are employed for the various chlorinated hydrocarbons. The sulfuric acid formalde 
hyde (formolite) method is employed for aromatic hydrocarbons. Several polarographic 
procedures are given. Many of the other methods are similar to those employed extensively 
in this country 

A few of the determinations, however, differ from the procedures with which American 
industrial hygienists are familiar. These include methods for acetate esters, acetic acid, carbon 
dioxide, carbon monoxide, ether, ethylene oxide, and parathion 

The most detailed discussion given is of the methods for the determination of aromatic 
primary amines. These methods have obviously been the subject of much study and develop- 
ment in the |. C. I. laboratories 

The volume is indifferently bound, and numerous errors in the text are noted on a correction 
sheet. 


Every industrial hygiene laboratory which is concerned with the determination of a variety 
of organic compounds will find this book useful. 


Hervey B. ELKIns 


Verhandlungen der deutschen Gesellschaft fur Arbeitsschutz: Band III. Leistung, 

Ermuedung, Sicherheit. Price, not given. Pp. 282, with 106 illustrations. Verlag von 

Dr. Dietrich Steinkopff, Holzhof-Allee 35, Darmstadt, Germany, 1955 

These transactions represent the third volume of “Verhandlungen der Deutschen Gesellschaft 
fur Arbeitsschutz” and consist of papers delivered at a meeting in Disseldorf, Germany, in 
November, 1954, under the auspices of several technical, medical, and professional organizations 
concerned with efficiency, fatigue, and safety 

The papers have been grouped into three sections. The first deals with general factors, 
i. €&., man, machine, productivity, as well as hours of work, and alcohol in relation to accidents 
The paper, “Efficiency Limits of Women in Professional Work and Their Importance for Work 
Protection,” considers the special problems arising from the widespread employment of women 
in industry 

The second section is devoted to improvement of safety on the job, to improvement of 
working conditions by better illumination and selection of colored paints for workrooms and 
equipment, and to noise control. This part is concluded with discussions of statistics and 
management in industrial safety 

The third section presents medical papers dealing with physical and psychological aspects 
of efficiency and fatigue and problems in the field of occupational medicine. Examples are 
fatigue as a clinical problem, medical psychology and fatigue, and spontaneous fluctuations of 
efficiency in the human organism. The problem of fatigue is well evaluated, and its importance 
in human efficiency in industrial work is clearly recogmized 

On the whole, the problems are discussed in considerable detail and supplemented by good 
charts and illustrations. This book will benefit the industrial physician, the industrial hygienist, 
and the safety engineer alike, especially in German-speaking countries 

FRANZ Metzner, M.D., Boston 
Gewerbekrankheiten. Fourth edition. By Ernst W. Baader, Dr. Med., Dr. Med. H. C. 
Price, $8.00 (32 DM). Pp., 376, with 53 illustrations. Urban 
Thierschstrasse 11, Munich, Germany, 1954 


& Schwarzenberg, 


The author has limited his book to occupational diseases which must be reported by 
physicians as compensable in Germany, Austria, and Switzerland. The text is arranged con- 
veniently; industrial history, clinical picture, therapy, prognosis, and prevention are considered 
fully. Results from recent research in the fields of pneumoconioses, of beryllium, carbon 
disulfide, and chronic carbon monoxide poisoning, and of degenerative diseases are included 
The bibliography includes the important international references up to 1954. Especially worthy 
of mention is the chapter on dust diseases, which includes the new International Classification 


Actual case reports within the text show a good understanding of the problems involved 
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The accompanying illustrations, mostly from the author's own collection, are excellent. 
American readers will notice a lack of defined safe exposures, concerning time and concentra- 
tion, of different toxic agents. 

The book, written by an expert in occupational medicine, provides basic information on 
reportable occupational diseases. It should appeal especially to the student, the general prac- 
titioner, the specialist, and the insurance carrier. 

Franz Metzner, M.D., Boston. 
The Diseases of Occupation. By Donald Hunter, M.D. Price, 5 guineas. Pp., 1046 
English Universities Press, Ltd., 104 Newgate St., London E. C. 1, 1955. 

The author reviews “on a broad basis and with emphasis on its clinical aspects the problem 
of disease in relation to occupation. Every type of occupation is considered, whether it belongs 
to industry or not.” 

The book is filled with good illustrations, especially of old processes 


the text consists of intelligent and very readable process descriptions 
and effectively 


A large portion of 
Hunter uses this means 
to show how dangerous processes, like phosphorous match making, gradually 
became understood medically and then either abandoned or the risk controlled 

The clinical material usually comes toward the end of each particular section and focuses 
attention especially upon the toxicological background of the problem. “The point of view is 
that of the general physician.” We would like to think his book will appeal to the general 
physician but regret that we do not share Hunter's optimism 

The book takes you through the gradual development of industrial medicine in Britain 
The author quotes repeatedly and extensively from novelists 


whose tales had to do with 
occupational diseases of their times—Dickens, 


Frances Trollope, Disraeli, Charles Reade 
There are also extensive quotations from medical authors, such as Ramazzini, Thackrah, 
Sir Thomas Legge, and Alice Hamilton 

For their past sins and omissions the British are scolded as only a 


sritisher would dare 
to scold them 


The sins depicted are almost unbelievable. We, in America, come in for only a 
small share, for the book is really about British industry in spite of the author’s ambitious hint 
that it is not so limited 

The subject index is good and thoroughly usable. There is no author index but adequate 
bibliographies follow each section. 

Altogether it is a very good reference volume, and the reader will be apt to take it home 
and keep right on reading—something rarely inspired by technical books which traditionally 
must be dull, befitting their dignity. This book is not dull, and it has dignity. 


Puitip Drinker 


Lung Function in Coalworker’s Pneumoconiosis. Hy J. ©. 


Gilson and P, Hugh-Jones. 
Price, £1, 1 s. Pp. 266. Medical Research Council Special Report Series 290, Her 
Majesty's Stationery Office, London, 1955 


In the authors’ words 


“This report is an account of an experiment designed to relate lung 
A unique integration of pertinent disciplines has 
The result should be equally impressive to the chest 
physician, the radiologist, the physiologist, and the statistician 
summary is presented herewith, 


function to age and disease in coalminers.” 
been brought to bear on the problem 


The monograph’s excellent 


Part I 


1. Previous work in South Wales has proved that the prolonged inhalation of coal dust 


alone can cause a disabling form of pneumoconiosis which differs in its pathological and 


radiological features from those associated with silicosis. 
2. This coal workers’ pneumoconiosis is not peculiar to South Wales. It consists of two 
distinct pathological processes with characteristic radiographic appearances corresponding to 


them: the first, simple pneumoconiosis, results from the retention of coal dust and increases 


only if dust exposure continues; the second, complicated pneumoconiosis, results from an 


infective process (massive fibrosis) superimposed on the simple pneumoconiosis and, once 
acquired, may advance independently of any further dust exposure 

3. Both the clinical features of coal workers’ pneumoconiosis and the interrelation of the 
many classifications proposed for the various radiographic appearances are summarized 

4. A review of world literature on previous studies of lung function in pneumoconiosis 
showed that neither the cause of the breathlessness nor the relation of its severity to the 
radiographic appearances had been properly established. 
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Part II 


5. A study of 40 normal subjects and 118 miners between the ages of 23 and 60 years is 
described. The subjects were selected at random and grouped to represent each of four 
different radiological stages of coal workers’ pneumoconiosis (according to the latest Inter 
national Classification) so as to complete an orthogonal experimental plan permitting separa 
tion of the effects of age and x-ray category. There were also control groups of nonminers 
and of working miners with no radiographic pneumoconiosis 

6. Besides clinical and electrocardiographic examinations, the lung-function tests ‘used 
included measurements of the following: standard exercise ventilation and blood oxygen 
saturation; total lung capacity and its subdivisions; diaphragm movement; maximum voluntary 
ventilation, and intrapulmonary gas mixing and transfer by a new technique of recording the 
uptake of helium and carbon monoxide simultaneously 

7. The results of this experiment show that 

(a) Of the functional tests, the exercise ventilation expressed as a percentage of the 
maximum voluntary ventilation was the best index of breathlessness and compared well with 
independent clinical assessment 

(b) The exertional dyspnea in the coal workers’ pneumoconiosis is mainly caused by a 
reduction in the maximum ventilatory capacity of the lungs rather than by an increase in the 
amount of air required for a given amount of exercise. There is, however, some increase in 
air requirement, especially in advanced disease, which is associated with uneven pulmonary 
ventilation and impaired gas transfer as measured by the uptake of helium and carbon 
monoxide while at rest 

(c) In general, the relation between the degree of exertional dyspnea and the radiographi« 
appearance is close if, but only if, age is taken into account. Simple pneumoconiosis has a 
relatively small effect but does accentuate the exertional breathlessness which normally comes 
on with age. In complicated pneumoconiosis the breathlessness is usually severe; it increases 
with the radiological abnormality and is augmented even more by age 

(d) Cardiac abnormality occurs in advanced complicated pneumoconiosis and is detected 
by fluoroscopy and specific electrocardiogram changes 

8. Reasons are given for the belief that the results of this experiment are generally 
applicable 

9. The diagnosis of emphysema by the use of a discriminant function is presented, and the 
functional significance of emphysema in pneumoconiosis discussed 

10. A discussion of the relevance of the results of the experiment to industrial injury 
compensation is given 


Part III 
11. A detailed interpretation of the helium and carbon monoxide experiments is given, 
because the method and results are of general physiological interest apart from their signifi 
cance in relation to pneumoconiosis 
12. It is suggested that: 

(a) Single-breath experiments give the best measurement of upper respiratory dead 
space, while serial gas-replacement experiments give more information on post-dead-space gas 
distribution in the lungs 

(b) A closed-circuit technique is the most suitable for the measurement of lung 
capacity, but an open circuit is preferable for pulmonary gas-clearance experiments 

(c) In clearance experiments increment data must be distinguished from accumulation 
data in order to obtain valid indices of intrapulmonary gas distribution. The interrelation 
of the various mixing indices is given 

(d) Even in normal subjects intrapulmonary gas distribution cannot be described in 
terms of perfect mixing in a single chamber; a multiphase system must be postulated. The 
departure from a single-chamber model becomes progressively more apparent both in advanced 


pneumoconiosis and in nonindustrial emphysema. Various mathematical models are given, 


which approximately describe the intrapulmonary gas-mixing process in terms of two or more 
chambers ventilating in parallel, in series, or sequentially 

(e) In normal subjects and all but some of the most advanced cases of pneumoconiosis, 
the uptake of carbon monoxide appears to be homogeneous within the ventilatory phases cal 
culated from the helium data when simultaneous helium and carbon monoxide curves are 
related. This homogeneity was lacking in the few cases of nonindustrial emphysema and 
specific lung fibrosis which were also studied 
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Part IV 
13. A factor analysis of the results shows (a) to what extent supposedly different tests 


of lung function overlap and (b) all the disturbances of lung function are pneumoconiosis in 
a concise form 


Three independent factors express most of the information that the tests have in common, 
so that the results can be represented on a three-dimensional model 


In a model illustrated in 
the text, rods (representing test results) project from a sphere; the angle between the rods 


is proportional to the partial correlation between the tests: thus, tests at right angles have 


nothing in common, while those bunched together measure practically the same thing 


MEap, Boston 
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AN EXPERIMENTAL TECHNIQUE 
FOR SMALL ANIMAL 


RESPIROMETRY 


A direct recording respirometer for small 
animals is being tested at the Occupational 
Health Field Headquarters, Cincinnati. This 
apparatus involves the following units: 

1. A mask which obviates the need for 
tracheal cannulation. 

2. A lightweight bell and counterweight 
system. 

3. A 


system. 


low 


resistance unidirectional valve 


Fig. 1.—Glass tube is blown to the proper mask 
size and then dipped repeatedly into liquid latex 
to make a mask of the proper rigidity. 


The mask form is constructed by blowing 
a glass tube to the approximate shape of the 
animal's head. The tubing is then cut at the 
proper length for a nozzle, stoppered, and 
dipped in liquid latex (Fig. 1). By apply- 
ing successive coatings of latex the mask 
thickness is regulated to give the desired 
rigidity and stretch characteristics so that 
the animal can breathe freely when the 
mask is in place. The nozzle is supported 
and made rigid by cementing a rubber stop- 
per into the opening of the mask. A half 
inch strap of tire patch is cemented across 
the head opening of the mask for rabbits. 
This strap, placed behind the ears of the 
rabbit, keeps the mask in place. The animal 
is first masked and then “plugged in” to the 
respirometer, 
found that the rabbit does 
not object to wearing the mask unless the 


It has been 


nose is constricted, which makes breathing 
difficult, or if the throat is too tight and 
constriction of the trachea is obvious. In 
constructing the mask we have generally 
made it only long enough to reach behind 
the angle of the mandible thus avoiding 
tracheal constriction. 

To make direct recording of the respira 
tory excursions possible, the dead-weight 
inertia of the 


bell-counterweight system 


(Fig. 2) has been reduced to a minimum. 
This was accomplished by constructing a 


bell 1.25 in. in diameter from plastic sheet 


4 


0,005 in. thick. The bell was made 12 in. 
long and attached to the counterweight line 
with a fly rod leader swivel. The weight of 
the bell was about 5 gm. 


The counterweight 


was constructed by 
turning out a guide and dise from a piece 
of plastic rod, This was attached to the 
line by an L-shaped support cut from 1/15 
in, plastic sheet. 


The unidirectional valve system was con- 
structed of brass stock for the valve seats 


and body. The valves were mounted ver- 


tically in the construction so that the force 
of gravity was used to close the valve. The 
airways were made % in. in diameter and 
bored that 


air 


inhaled and exhaled 


Fig. 3 


respirometer 


Close-up of 
and valve 
with a 200-gram rat being 


tested 
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Fig. 2.—General picture 
of the respirometer in 
operation with a rabbit, 
showing the plastic bell 


and the recording device. 


streams did not mix until delivered into the 
mask, 

The valves were constructed by turning 
them from % in. plastic rod. The seat of 
outside edge is used as a contact surface. 
the valve was cut at an angle so that the 
It has been found that this prevents the 
valve from sticking during operation. A 
¥% in. guide tail 1/16 in. in diameter was 
left attached to the bottom of the valve to 
insure gravitational action and guide the 
seat into position. Maximum excursion of 
the valve was kept to 1/16 in. by limiting 
the head space over the valve. To prevent 
the valve head from sealing the opening 
above the valve, the upper opening was 
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channeled to allow the air to pass around 
and above the valve head. 

To prevent condensation in the valve 
chamber during the time of operation, a 
small heating element of nichrome wire was 
wrapped around the valve body. A small 
3-6 volt 


valve heat of about 40 C, keeping the valve 


transformer maintains uniform 
seats dry. 

The respiratory rate for small animals 
has been found to be approximately 120 to 
160 per minute and therefore it was neces 
sary to increase the recording speed about 


four times. This mechanism is still being 
modified to determine the optimum condi 
tions. 

By adopting the bell size and the counter 
weight, it has been possible to obtain 
tracings from this apparatus using 200-gram 
rats (Fig. 3). 

Since this apparatus has been designed 
to operate as both a closed and open system, 
oxygen has been used routinely as a filling 
gas for the respirometer. 

Ph.D 
Field 


SCHEEL, 
Health 


Cincinnati, Ohio 


Lester D 


Occupational Headquarters 


What To Do With A Radioactive Building? 


The Kelly Clinic in downtown Baltimore 
(Figure), subject of a joint radioactivity 
contamination study by the Baltimore City 
Health Department and the Occupational 
Health Program of the Public Health Sery 
ice, is in the news again. Its present owners 
want to tear it down to make room for a 
40-car parking lot, but are afraid that the 
once-radioactive building may still be dan 
gerously contaminated. 

The Kelly Clinic at one time possessed 
radium, then the world’s 


five grams of 


largest single, privately owned supply. 
The 1904 and in 
1914 started a radon emanation and puri- 


clime was founded in 
fication plant to prepare radon applicators 


for therapeutic use. The health hazards 


of radioactive substances were not fully 


that and over the 


early years the building became seriously 


understood at time, 
contaminated. 

the clinic staff moved 
Robert A, 


Zavon, and 


In 1952, when 
to new 
Ir. 


quarters, 


Mitchell R. 


Gallaghar. 
Henry N. 
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Doyle, of the Occupational Health Pro- 
gram, and Charles E. Couchman, Direc- 
tor, and his from the Bureau of 
Industrial Hygiene of Baltimore, did a 
complete contamination study of the va- 
cated clinic. 


aides 


Following the survey, decontamination 
procedure was carried out in an attempt 
to make the building safe for continued 
occupancy. However, it has 


not been 


occupied since the clinic staff moved to 
new quarters in 1952. 


The XIIth International Congress on 
Occupational Health will take place July 
1-6, 1957, at Helsinki, Finland, and is ex- 
pected to attract physicians, engineers, re- 
search scientists, hygienists, nurses, and 
social workers from all over the world. 

Under the broad sponsorship of the Per- 
manent International Committee on Indus- 
trial Medicine, the XIIth Congress has its 
own Organizing Committee established by 
the Finnish government. The International 
Social Security Association is assisting in 
preparation of the reports concerned with 
the social aspects of occupational health. 

A major feature of the Congress will be 
the awarding, for the first time, of the 
3,000,000 lire Nicolo Castellino prize, made 
for the most outstanding investigation in 
the field of occupational health by a_re- 
search worker under 35 years of age and 
not the holder of a university chair. There 
will also be a technical exhibition as well 
as a judging to determine the best films 


in the field of occupational health. The 
films must be concerned with medicine 
or hygiene in the occupational health 


field rather than with accidents. Films will 


M 


X1lth International Congress on Occupational Health 


Publishes Preliminary Program and Invitation 
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Recent air samples taken in the build- 
ing have shown a normal level of beta 
radiation and only a slightly elevated 
alpha count. 


Razing the building presents new prob- 
lems since special measures may have to 
be taken in disposing of the building 
materials, They probably would not find 
a ready market and if special disposal 
would have to be made of the brick and 
lumber, cost of dismantling the Kelly 
Clinic may be prohibitive, 


be judged in two categories—for research 
and documentary presentation and for pop- 
ular films—for presentation to a_ lay 
audience. 

General Congress subjects will be indus- 
trial noise, evaluation of invalidity, indus- 
trial hygiene norms, and cardiacs and work. 
Individual sections will deal with general 
and social aspects of occupational health, 
occupational pathology and hygiene, indus- 
trial nursing, and miscellaneous materials. 
Some part of the program will be given to 
reviews of past work and to round-table 
discussions. 

Those who wish to present original scien- 
tific papers at the mectings are asked to 
notify the Organizing Committee not later 
than March 1, 1957. The application should 
include a summary of not more than 200 
words in both English and French. All 
speakers will be limited to 15 minutes. 

Further information on the congress may 
be obtained from Dr, Leo Noro, Chairman 
of the Organizing Committee. The address 
is Tyoterveyslaitos, Haartmaninkatu 1, 
Helsinki, Finland. 
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RADIATION PROTECTION AGAINST 
A 10 CURIE SOURCE OF COBALT 


A steel foundry in Oregon had under 
consideration a plan to purchase a 10 curie 
source for radiographing heavy steel cast 
ings. Representatives of the foundry called 
at the State Board of Health, Occupational 
Health Section, to discuss their plan with 
particular reference to protection of person- 
nel against injury from radiation. 
of the work layout in the plant, it was 
necessary that men work within 45 ft. of 
the cobalt 
plant to change the work layout was not 
feasible. 


source, Reconstruction of the 


The plant's first proposal was to erect 
lead or steel shielding sufficient to protect 
the employees who had to work at the 
closest location of 45 ft. Management also 
proposed to have at least a part of the 
shielding portable in order to place the 
castings for Caleulations 
showed that it would require 1% in. of lead 


radiography. 


or 2 in. of steel to reduce the radiation at 
45 ft. to a safe level. The difficulty and ex 
pense of providing, and the problems of 
supporting, a portable shield unit became 
serious obstacles. 

It was also proposed, as a part of the 
plan, to keep vacant a lot at the back of 
the building, but to provide no shielding for 
that 


located there. Calculations, however, showed 


area because no workmen would be 
it would be necessary to keep out of use 
all property as far away as 150 ft., if no 
shielding were provided on one side. A 
considerable amount of valuable industrial 
real estate would thus be tied up in pro- 
tection. 

During the discussion Dr. Ralph R. Sulli 
van, Director of the Occupational Health 
Section, suggested considering a plan of 
putting the radiography operation below 
ground. An engineer from the foundry then 
recalled the existence in the same plant 


building of an abandoned, covered quench- 
ing pit, which could be easily reopened and 


secause 


enlarged, favorably located with respect to 


the overhead crane and other equipment. 
The idea was immediately seized upon by 
the plant engineer and chemist, and after 
further discussion a new plan was prepared, 
including engineering drawings. 

After Occupational 
Health Section that this would probably 


solve the problem from the employee health 


agreement by the 


standpoint, the pit was excavated to proper 
size and walled with concrete. It had been 
definitely determined that there were no 
other below-ground operations in the area 
to be had 


shown that at a distance of 10 ft. from the 


concerned about, Calculations 
edge of the pit the cone of radiation passing 
out of the pit in any direction would be 
high enough to miss anyone standing at 
that point if the cobalt capsule were placed 
at the center of the pit. If it were placed at 
one side, the minimum safe distance on the 
This 


the most unfavorable placement, and radia- 


opposite side would be 20 ft. was 
tion at any point beyond 20 ft. should be 
within safe limits. The newly constructed 
pit was 14 by 20 ft. and 10 ft. deep. 

The excavation of the pit and installation 
of the cobalt were tentatively approved by 
the Occupational Health Section with the 
that would 
have to be based upon a thorough radiologic 


understanding final approval 
study by the section under actual operating 
conditions, since scattering and build-up 
were unknown factors. 

locked 


barricade at least 20 ft. from its edge, with 


The pit was surrounded by a 


only the two men directly in charge of the 
radiography having keys. The castings are 
to be placed while the cobalt source is in 
its lead container, and the cobalt positioned 
No one, of 
course, is allowed inside the barricade while 
radiography is in progress. Checks made 
by the Occupational Health Section have 
shown that all areas outside 


by a remote control device. 


the barricade 


29 


be 

. ite 

« 


A, 


| ree fon radtation in excess of 6.25 mr 
per hour, the threshold limit set up in State 
Board of Health's Recommended Standards 
and Regulations for Occupational Health. 
Actuai measurements of radiation levels ob- 

served are as follows: 

At locked barricade within building... .4-5 mr/hr 


At barricade outside building 


In pattern storeroom 


2-5 mr/hr. 
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[here is no overhead work in this area. 
This appears to be a simple solution to a 
problem which will undoubtedly arise more 
and more frequently in the future. 

The installation has been found so satis- 
factory that the firm has since decided to 
obtain a second cobalt source and to use 


it in a second pit similar to the one de- 
scribed above. 


Clinical Memoranda on Economic Poisons 


In April, 1956, the Technical Develop- 
ment of the Communicable 
Public Health Service, 
made available its annual revision of Clin- 


Laboratories 
Disease Center, 
ical Memoranda on Economic Poisons. For 
the first time, the material has been multi- 
lithed rather than mimeographed. The pub- 
primarily for the 
guidance of physicians who are directly con- 


lication is designed 
cerned with the diagnosis and treatment of 
persons extensively or intensively exposed 
to insecticides, 

There are five main sections: organic 
phosphorus insecticides; chlorinated hydro- 
carbon insecticides; solvents; rodenticides, 

Each 
tion gives general information applicable to 
the group of compounds under considera- 
tion, and each memorandum discusses its 
toxicology with specific reference to human 
cases, its dangerous dose to man, laboratory 
findings, and treatment. The pesticides and 
solvents considered include allethrin, ben- 
zene hexachloride, Chlorthion, 


and miscellaneous compounds. sec- 


chlordane, 


A Versatile Instrument for 
Conditions 


Scientists of the Bureau of Adult and 
Occupational Health of the New Jersey 
State Department of Health are testing an 
instrument system which they have assem- 
bled to do around-the-compass and around- 
the-clock air sampling at any given location. 

The Bureau's instrument, prominently 
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D. D. T., demeton, Diazinon, dieldrin, Dilan, 
dinitrophenols, Dipterex, dithiocarbamates, 
heptachlor, kerosene, malathion, parathion, 
pyrethrum, sodium fluoroacetate, tetraethyl 
pyrophosphate, toxaphene, warfarin, and 
xylene. Five appendices give instructions 
for collecting and shipping samples for the 
determination of pesticides or the determina- 
tion of their physiologic effects. 

Available in mimeographed form are (1) 
Operational on Economic 
Poisons, dealing with formulations and pro- 
cedures for the control of various suscepti- 


Memoranda 


ble insects or rodents that are of importance 
to public health, and (2) Chemical Memo- 
randa, dealing with the preparation of bio- 
logic samples and their analysis for 
insecticides. 

Persons who may have use for such 
memoranda may request copies from the 
Technical Development Laboratories of the 
Technology Branch, Communicable Disease 
Center, Public Health Service, U. S. De- 
partment of Health, Education, and Wel- 
fare, P. O. Box 769, Savannah, Ga. 


Meeting Variable 


displayed at the Industrial Health Confer- 
ence in Philadelphia (Fig.), will keep rec- 
ords of air-borne pollution, the direction 
from which it comes, and weather condi- 
tions at the time, including wind direction 
and velocity. 

William A. Munroe, Air Sanitation Pro- 
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NEW JERSEY STATE DEPT OF WEALTH 


gram Coordinator for the Bureau, describes 
the instrument complex as an automatic di 
rectional air sampler, designed to collect 
samples borne to the instrument from the 
eight cardinal and intercardinal points of 
the compass. 

A timer tells how long samples are col 
lected from each direction; the wind velocity 
is recorded at the same time. If the wind 
drops below a predetermined level, cur 
rently near 3 m. p. h., the instrument after 
a given time stops taking a recorded sample 
from the direction in which the wind vane 
was pointing when the wind dropped. Dur 
ing these quiet periods the air is drawn 
through a “still wind” sampler, which re 
mains in operation, regardless of how the 
directional vane is pointing, until the wind 
starts to blow again. 

The instrument also has circuits to op 


“WHAT IS INDUSTRIAL NURSING?” 


erate a high velocity sampler at intervals, 
to cut off operation above a pre-determined 
wind velocity, to control or limit operation 
within certain humidity ranges, to shut off 
the samplers and recorders when it is rain 
ing, and to control operation for day or 
night recording and sampling. 

The equipment is mounted on a small 
truck, and it takes a man about an hour a 
day to check the instrument, once it has been 
set up for operation, 

At present the wind vane and wind 
velocity indicator are raised on a mobile 55 
ft. tower. Under study is an electronic cir 
cuit to permit installation of the direction 
and speed indicator at an unobstructed loca- 
tion, such as a high roof top. Another diffi- 
culty to be overcome, the insensitivity to 
directional air velocities below 1 m. p. h., 
also is being worked on 


KEYNOTE OF PHILADELPHIA 


SESSIONS 


The 14th Annual Meeting of the Amer 
ican Association of Industrial Nurses em 
phasized the theme: “What Is Industrial 
Nursing?” This theme was chosen in the 
hope that it would aid each member of the 


organization to arrive at more conclusive 
solutions to individual problems. With ap- 
proximately 600 people actively participa 
ting in the discussions, it was felt that the 


major objectives of industrial nursing, 


: 
| 
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which cover the entire range of professional 
nursing practices and services, should be 
thoroughly reviewed and better understood. 

Mrs. Alice K. Leopold, Assistant to the 
Secretary of Labor for Women’s Affairs, 
told the industrial nurses that the develop- 
ment of woman power in the United States 
was due in great measure to the early 
women leaders in medical and nursing 
circles, New industries, she said, are always 
being developed in this country, and the 
nurses, especially the industrial nurses, will 
play a large part in helping to reduce indus- 
trial accidents and in keeping experienced 
workers healthy to help the new industries 
grow. 

The importance of having a written com- 
pany medical policy and procedure with 
active medical direction, whether it be full 
or part time, was stressed by several speak- 
ers at a symposium as a primary requisite 
in providing good industrial nursing to em- 
ployees. Management should be aware of 
the services given by the industrial medical 
department and should be informed of the 
department's activities. 

Various problems confronting the indus- 
trial nurse were covered in the remaining 
sessions, Occupational health hazards and 
the role the industrial nurse plays in detect- 
ing early symptoms of toxic exposure were 
stressed by Dr. Irving Tabershaw, Direc- 
tor, New York State Division of Industrial 
Hygiene. He felt that the nurse in industry 
should be aware of the early signs of 
serious diseases and, indeed, is in the best 
position to help in their early detection. 


Her position provides the opportunity to 
do considerable health teaching and to guide 
people in the establishment of good health 
habits. Through counseling, she is able to 
help the employee understand his problems, 
both off and on the job, and is in a position 
to refer him to the community agencies that 
can offer further assistance. By participa- 
tion in an industrial medical examination 
program, the industrial nurse can aid the 
worker in attaining the highest possible level 
of health and efficiency by helping him 
assume the responsibility for his own health. 

The importance of maintaining adequate, 
confidential records adapted to the needs of 
the department, industry, and community in 
which they are to be used was discussed by 
Miss Helen Dixon, R.N., Delco Appliance 
Division, General Motors 
Rochester, N. Y. 

A discussion of singular industrial nurs- 
ing positions offered the members attending 
the conference an opportunity to hear about 
unusual employment opportunities 
nurses in industry. 

Closing sessions dealt with two premises : 

The industrial nurse who possesses an 
understanding of human needs and is sensi- 
tive to the difficulties, limitations, and prob- 
lems of the employee is able to guide him 
along the pathway of positive health. 

The industrial nurse who is enthusiastic, 
makes health education a part of everything 
she does, sells health as an attainable qual- 
ity is an invaluable member of the health 
team working in an industrial medical unit. 


Corporation, 


for 


Army Sanitary Engineers Training Course at 
Occupational Health Field Headquarters 


Nineteen Army officers, sent by posts 
ranging from New York to California, 
took part in a two-week training course this 
summer at the Occupational Health Field 
Headquarters, Cincinnati laboratory of the 
Occupational Health Program, U. S. De- 


partment of Health, Education, and Wel- 
fare. 

The students received refresher instruc- 
tion on some basic industrial hygiene pro- 
cedures; air sampling principles and instru- 
ments; dust sampling and sizing (Tig); 


ea. 
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medical controls; fundamentals of radiation 
physics, hazards, and 


protection; noise; 
ventilation, and toxicology. 
The lectures also covered the role of 


official State and local industrial hygiene 
programs as well as the coordination of the 
activities of a large occupational health re- 
search laboratory, such as the Cincinnati 
installation of the Occupational Health Pro 
gram. 

The course, in addition, included a full 
day at the Robert A. Taft Sanitary Engi- 
neering Center in Cincinnati, where the 
Army sanitarians learned about the Public 
Health Service air-pollution program. 


MANAGEMENT ASPECTS OF 


Shown above at the microscopes for a 
session in dust sizing and counting are from 
the left clockwise around the table: Capt. H. 
L.. Blanford, Washington, D. C.; Capt. C. J. 
Roberts, Ft. Dix, N. J.; Capt. Adam F. 
Hoefling, Army Environmental Health Lab- 
Md.; Lieut. Col. R. J. Karpen, 
Governor's Island, N. Y.; William 
M. Crawford Jr., Lieut. John R. Crow, and 
Lieut. Robert B. Aylor, all Army Environ- 


oratory, 
Lieut. 


mental Health Laboratory. 
Lieut. Col. Floyd L. Berry, Washington, 
D. C., and Dr. Harold J. Paulus, of the 
Occupational Health Program. 


Standing, left, 


EMPLOYEE HEALTH 


The interest of the Public Health Service 
in employee health programs centers largely 
on the role of these programs in the early 
We 


look upon the workplace as a potential case- 


detection and prevention of disease. 
finding medium of unique value. And we 
view the health services in business estab 
lishments as a practicable means of apply 
ing modern preventive health concepts to 
large segments of the adult population at 
no taxpayer expense. 

Many professional and lay groups have 


recognized that employee health services are 
not only desirable public healthwise but that 
other benefits also accrue to the dispensers 
these This 
recognition of the values of employee health 


and consumers of services. 
services, however, has not been universal. 
the 
the benefit 
must acknowledge that 


When we consider that over 70% of 
nation’s labor force is without 
of such services, we 
some major obstacles prevent the rapid ex 
tension of employee health programs. 

We in the Public Health Service 


have 
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been concerned with these obstacles, be- 
cause they are keeping the benefits of pre- 
ventive medicine from the reach of millions 
of gainfully employed men and women. We 
therefore decided to look into the problem. 
After careful study we came to the con- 
clusion that two of the chief obstructions are 
failure to realize, especially on the part of 
small plants, the cost of sickness and in- 
jury and the fear prevailing among small 
establishments that the cost of employee 
health programs would prove financially 
prohibitive. 

To develop objective data that would 
strike at these obstacles, the Public Health 
Service two years ago initiated research 
which would permit management to analyze 
its own health economic problems, As the 
first part of a long-range work program, 
studies were begun on determining the cost 
of employee illness to industry. This proj- 
ect entailed first exploring the area of sick 
ness-and-accident costs in an effort to 
identify the more elusive as well as the 
obvious components of these costs, then 
devising and offering methods which would 
enable management to make sound estimates 
of the magnitude of these costs. 

To develop additional requisite data, it 
was necessary to devise another project. 
This second project, carried out concur 
rently, focussed on the development of com 
parable methods to determine the actual 
costs to management of providing health 
services to employees, 

Thus far, as a result of these research 
projects, we have developed two sets of pre 
liminary procedures: one to be used by 
officials of small business to estimate the 
cost to the firm of the risk, as well as the 
actual incidence, of sickness and injury 
among its employees; the second to deter 
mine the cost of providing employee health 
services. These procedures are applicable 
to both manufacturing and nonmanufactur- 
ing establishments. Their broad purpose is 
to provide practical guides for decision mak- 
ing by business men faced with industrial 
health problems. 


These procedural tools we believed to be 
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useful, but we felt that a well-conceived plan 
to foster the expansion of employee health 
services should also take into account 
various other factors that encourage or in- 
hibit their development. We decided that 
one potentially fruitful approach to this 
problem was to study what industrial man- 
agement thinks and does about in-plant 
health services. By conducting an attitude 
survey among diversified industries of vary- 
ing size in scattered areas, we have at- 
tempted to learn what effect the type of 
business, the size of the firm, its geographic 
location, and other pertinent factors have 
on the initiation, maintenance, and expan- 
sion of employee health services. 

This attitude survey was carried out for 
us in 1955 by the University of Michigan 
Survey Research Center in five metropoli- 
tan areas from coast to coast—Bridgeport, 
Cleveland, Houston, Philadelphia, and San 
Irancisco. Firms chosen covered the whole 
range of size, from those employing 50 to 
those employing many thousands. Included 
in the firms surveyed were chemical manu 
facturers, machinery manufacturers, de- 
partment hospitals. The 
interviews were directed at both top man- 
agement officials and industrial physicians 
and nurses. 


stores, and 


Management was asked about its attitudes 
toward labor, the community, and other 
businesses in the same field, with a view 
of determining the relation of these atti 
tudes toward setting up and operating a 
health service. Doctors or nurses in charge 
of health services were asked about how 
they got into industrial health programs, 
how they judge their effectiveness, and what 
they consider stands in the way of future 
improvements. These observations were 
then related to the training and outlook 
of the respondents. 

A comparison of chemical manufacturing 
plants, machinery manufacturing firms, gen 
eral merchandise retailers, and hospitals 
showed that the general merchandise re 
tailers had the highest economic motivation 
and, as might be expected, hospitals had 


largely a noneconomic aim. A comparison 
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of the five cities surveyed gave Philadelphia 
and Cleveland first places in high economic 
motivation, with Houston, Bridgeport, and 
San Francisco following in descending 
order. 

The question—‘Do you feel that manage 


ment should take any responsibility for 
employees’ health problems not arising from 
their work?"—drew an overwhelming af 
firmative response, ranging from 57 in 
Philadelphia to 88% in Houston. Signifi 
cantly this answer did not seem to vary 
much by size of company, type of industry, 
or whether the company had a health sery 
ice. 

Also, there seemed to be little association 
with having a health service and manage 
ment’s concept of the hazardous nature of 
its industry. In general, it appears that 
managements have a_ strong tendency to 
feel that their particular industry is less 
hazardous than others, even when it may be 
judged rather dangerous on the basis of 
objective criteria, 

It is interesting to note that this sur 
vey revealed not only that health services 
are predominant in big establishments but 
also, in contrast, that some large employers 
do not even have a wursing service of any 
type. Significantly the big firms that do 
not have health services seem less inclined 
to initiate them than do the smaller firms 

Of the firms without health services, a 
substantial number expressed a distinet in 
terest in joining a shared health program. 
This interest was particularly evident in 
manufacturing firms employing from 250 
to 499 workers. 

Of the firms with health services, 90% 
or more replied that they considered their 
doctor or nurse to be effective in getting 
Yet, half of 
respondents thought that their health pro 
grams could be improved. This may signify 


the job done almost these 


that industrial health personnel are under 


estimating the interest of their manage 
ments in strengthening employee health pro 
grams. 

While it is too early to draw any con- 


clusions from these interviews, we are hope- 


ful that they will provide some key to the 
factors that must be considered in success 
fully demonstrating the possibility of ex 
panding health Our 
future plans call for the utilization of this 
information in promoting the establishment 


of health services in one of the industry 


employee services, 


groups surveyed and in a selected metro 
politan area. These promotional activities 
the demonstrations. 


The experience gained therefrom is ex 


will be in nature of 
pected to yield further information which 
can then be used as a point of departure 
for all organizations concerned with the 
promotion of worker health programs. 
When we consider the advancing age 
level of our population and the increase in 
chronic and degenerative diseases, we 
cannot fail to acknowledge that early de 
tection and prevention of disease in our 
labor force is of prime economic impor 
tance to industry. Yet, the importance of 
the general health of the worker is all too 
often overlooked. Industry, understandably 


concerned with its legal obligations with 
respect to the prevention and treatment of 
occupational accidents and diseases, some 
times does not give equal emphasis to gen 
eral health. 

Needless to say, this artificial separation 


of occupational and nonocecupational in 
fluences ignores the fact that 90% of sick 
ness absenteeism in industry is probably not 
Nonetheless, the 


distinction continues to be made, not only 


related to the oc« upation. 


in the face of this general observation but 
also despite the experience of plants that 
have keenly felt the loss of key personnel 
through illness. I would like to illustrate 
this point by briefly referring again to our 
attitude survey. 

One of the questions asked was: “Have 
any of your key people become seriously 
ill, or died, unexpectedly in the past two 
years?” If the “Ves,” the 
following question put to the 
respondent: “Did this have any effect upon 
management's thinking about health facil 
ities 


answer Was 


was then 


Here is a typical response to these 
questions 
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One died at his 
He was an older man 


man desk a few years ago. 
We had a Christmas party, 
and he overdid it, climbing upstairs. 
heavy 
died 


He was a 
He just sat down at his desk and 
I don’t believe this had any effect on man- 
agement’s thinking about health facilities, It had 
no bearing on our general conditions, This was 
not a matter of health conditions here; he died 
during a Christmas party, climbing too much. 
This example, it is believed, abundantly 
illustrates the failure to consider the cost 
to the company of the loss of a valuable 
employee. The respondent had no apprecia- 
tion whatsoever of the 


man 


value of general 
preventive services as a part of an em- 
ployee health program. 
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Dr. Rudolph F. Sievers, of Blair, Nebr., has been appointed Civilian 
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This clearly then is an area in which we 
have to hit hard in our educational work. 
Organizations that have shown foresight 
and imagination in coming to grips with the 
industrial health problem in small establish- 
ments are helping in this educational effort 
by their precept and example. 

Henry N. Doyte, Chief 
Occupational Health Program 
U.S. Department of Health, 
Education, and Welfare 
Washington, D. C. 

Adapted from a speech given before the In- 
dustrial Health Council of Aia., 
May, 1956 


Birmingham, 


Consultant in Occupational Medicine to the Command Surgeon of the 
Strategic Air Command, The appointment was announced recently by 
Brig. Gen. L. I. Griffis, Surgeon, Strategic Air Command. 


Dr, Sievers has had a long career in occupational medicine, both in 


private practice and in government service. 


He holds a Ph.D. degree 


in physiology and pharmacology as well as an M.D. degree. 
From 1940 to 1946 Dr. Sievers was associated with occupational 


health research in the U. S. 


Public Health Service, and has written a 


number of articles on carbon monoxide, D, D. T., TNT, xylidine, and 
high explosives and the health hazards associated with them. 


At present he is in private practice and is on the faculty of the 
University of Nebraska School of Medicine and is consultant for a 
number of industrial organizations in the Middle West. 


According to the Air Force announcement, the appointment of Dr. 


Sievers further recognizes the importance given to occupational health 


problems in the Strategic Air Command, with special reference to 


occupational disease, toxicology, and associated matters. 
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* AMA. SPECIALTY JOURNALS REACH THE CORE OF SPECIALIZED 
; PRACTICE . . « Subscribe NOW to: 


—> A.M.A. Archives of INTERNAL MEDICINE 


A.MLA, Archives of PATHOLOGY 
A.M.A. Archives of OPHTHALMOLOGY 


THE AMERICAN MEDICAL ASSOCIATION 
535 North Dearborn Street 
Chicago 10, Hlinois 


Producers of 


“Now. Single u use 


Sterile stable 
eye medication 


Trade Mark 
STERILE FLUORESCEIN APPLICATOR 
Completes your sterile Technique! 
A modern method of Corneal staining for: postoperat “gly 
DIAGNOSIS * SURGERY + EMERGENCY 
RAPID—STERILE—CONVENIENT 
Packages of 100 and 1000 envelopes each containing two Fiuoristrips 
Request sample and PHT HALMOS, inc. 
information from - Union City, Mew 
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WHEREVER 
SKELETAL | 
MUSCLE 
SPASM 
OCCURS... 


flexin’ 


ine,t McNeil) 


orally effective 
muscle relaxant 


wide margin of 


Safety : irreversible side- 
effects occurred.” 


well-tolerated: “the 
toxic reactions for the most port 


were easily controlled..." 


effective 
spasmolytic: 

"This preliminary report 

of 100 patients indicates an 85% 
over-all effectiveness.” 


laboratones, Ine 


Available in yellow scored tablets, 250 mg. 


1, Smith, Kron, K. My Peak, W. P., and Hermann, |. 
JAMA. 160:745 (Mor, 3) 1956. 
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Combat Industrial Dermatitis 


M-S-A FEND-SILICONE 


...New formula utilizes advantages of 


silicones to protect against irritants 


The addition of silicones makes this remarkably 
effective bland vanishing cream chemically inert, 
adhesive, and water repellent. It goes on the skin 
smoothly and easily, and it is free from any “feel.” 
The invisible film is tough, durable. It protects 
against soaps, detergents, chemical dusts and pow- 
ders, dilute acids and alkalies. The cream is non-toxic, 
does not interfere with normal skin gland function, 
and is buffered to the average pH of the acid mantle 
of the skin. Available in 3 oz. tubes or | Ib. jars. 
Write for details. 


also M-S-A FEND BARRIER 
PROTECTIVE CREAMS 
AND LOTIONS 


Neutral and bland. Other types of Fend 


products are available for a wide variety MINE SAFETY APPLIANCES COMPANY 
of irritants. They are easy to apply and 201 North Braddock Avenue, Pittsburgh 8, Pa. 
remove. Available in 3 oz. tubes or | Ib. At Your Service: 82 Branch Offices in the 

jars. Write for details. United States and Canada 


The “well-informed” patient can help you, by 
helping himself. For reliable information on this subject, 


HEART have your patients read ; 


HEALTHY HEARTS 


A collection of Hygeia articles The War Against Heart Dis 
DISEASE eases Still Rages, Hearts in the Breaking, Preventing Heart 
Attacks, Heart Diseases of Middle Lite 


20 pages, 20 cents 


STROKE 


In relation to overweight, hardening of the arteries, high blood 


AN INAISCYIMINALE blood saben 


by William W. Bolton 
8 pages, 15 cents 


‘killer, HEART ATTACK 


Covering types of attacks, symptoms, relief and heart diseases 
by Walter Modell 


12 pages 15 cents 


touching 


A KITCHEN FOR THE “TAKE-IT-EASY" COOK 


Designed for the cardiac housewife, but the work-saving idea 
sal can be applied in any kitchen. Ilustrated 
thi J by May Wilson 
16 pages, 20 cents 


or old WRITE TO: 


BUREAU OF HEALTH EDUCATION 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN - CHICAGO 10 
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A 
SAFETY EQUIPMENT HEADQUARTERS ae 


All of 

these articles have 

appeared in TODAY'S HEALTH 
and are now available 


in one pamphlet, 


ALCOHOLISM 


an 
important 
problem 


in today’s living 


ADDRESS REQUESTS TO: 


ALCOHOLICS ANONYMOUS 


THE ABOVE SIX PAMPHLETS ARE AVAILABLE 
IN BOOKLET FORM FOR ONLY 50 CENTS 


ORDER DEPARTMENT 
AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 


Written from the standpoint of a member, the basic 
treatment procedures are described and the psychological 
problems confronting the alcoholic are discussed. 


ALCOHOL AND CIRRHOSIS OF THE LIVER 


Relationship between alcohol, diet and cirrhosis, Increasing 
stress on nutritional differences, 
by Russell S. Boles 


HOW TO HELP A PROBLEM DRINKER 
Understanding the alcoholic’s capabilities, the necessity of 
help, causes of his condition. 

by Edward A. Strecker and Francis T, Chambers, Jr. 


THE TREATMENT OF ALCOHOLISM 


Tracing the steps from convincing the alcoholic that he is sick 
through treatment and cure, 
by Lewis Inman Sharp 


CONDITIONED REFLEX TREATMENT 

OF CHRONIC ALCOHOLISM 

Its place among methods of treatment today, 

its development and correlation with personality factors, 
by Walter L. Voegtlin 


INSTITUTIONAL FACILITIES FOR THE 

TREATMENT OF ALCOHOLISM 

Comparative differences, in drinking, with 

the last century, new establishments and methods of treatment, 
lack of trained personnel, 

by E. H. L. Corwin 


HOW EXPERTS MEASURE DRUNKENNESS 
A partial transcript of an actual courtroom case. 
H. A. Heise 

8 pages, 15 cents 


BARBITURATES, BOOZE AND OBITUARIES 
A discussion of the dangers of mixing alcohol and bars 
biturates. 

Donald A. Dukelow 

4 pages, 10 cents 
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